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Preface 



Tlie CommitteG on Telnconimunicntion^? vas esUiblished by the 
NciCional Academy af Engineering in 1968 to provide support for Che 
Pres icifeint ial Tiisk Force an Te It^coriifnun icat ion^ Policy* Since 1 974 it 
hag been part of the Assembly of llnginQar iiip of the National Research 
Council, which conduces Btudio.^ of scientific ntid technical issues 
on behalf of the National ^cadeniy n£ Science^ and the National Academy 
of Engineering. From the start Che cominittee has placed special 
emphasis on teLecommunicationB information systenis for meeting the 

needs and goals of tha nation. parcicular attention has been giveii to 
the social and economic impacts of te lecomrnun ic ations technoLogy and 
the implicatians for federal policies. 

In this connection, the corfirnitte^e has completed two studies of 
telecomnmnicat ions application^ to urb^in pToblems, The first reaulted 
in the report "CommunicatLons Te^chnPloi^y for Urban Ifriprovement ^ " v^ich 
recomniended a number of technology-abased demonstrations of 
communications projects to imptfov^ metropolitan area services. Ihe 
second led to the report entitled "tpcal Government Information Systems 

Study of USAC and the Future Applictition of Computer Technology 
recommending the establishment of an inf^rniation systema resource 
center to facilitate the incorporation of computer-based information 
systems by local governments* 

The study culminating in tnis report vas sponsored jointLy by the 
Departments of Commerce; Healthi EdMcation, and Welfare; Transportation 
and Housing and Urban Development; the Federal Communicat iotis 
Commission; the National Science Foundation, and the U. Postal 
Service. The primary objective^ of the study were: 

• to review and evaluate the present and evolving telecommunications 
technology in relation to foreseen metropolitan needs and 
opportunities, and 

§ to investigate the potential for int^gratinp facilities and services 
to achieve greater effectiveness in telecornniun ic aCions usage. 

To accomplish these tasks, the Committee on Telecommunications formed 
the Steering Committee for the Metropolitan Communications Systenis 
Study. Its members have brought to bear a broad knowledge and 



*USAC - Urban Information Systems Intertiency Committer 

ill 



undei-atfliulitu> o£ U'l acomtnun LcjK inns t.'cUm [os<\ oh , .ippl ic.it lonH and 
their potenLifll. impncC on thu complex probh'n.s unnfrnntin^ me Cro po 1 1 tan 
areas today. In addition, th« Htiaorin;;, coinm i c t(=!e incUuk-d lociii 
government officials, business lenders, and re^ianal pl,iniu»rs. While 
the report nddresses primarily mo trupo 1 1 1 .in nruas , ninny ol tho 
applications and cochnolnaips diseusscd may be nf bBnefit to Kuburban 

and rural are /J a, . 

Members of the commictee contrihuted papers to the Mtudy on thuir 
area of expsrtise. Theae papers, which covnr a wide spectrmn of 
telecommunications technology and potential appUcatLons in 
metropQlitan areas, w.^re used by the committee to fonn the varLous 
sections of this reporc. 'niesc paperH, nrgatiized by subject and listed 
at the t^nd of this ropnrt, are on file with the commictee. 
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CHAPTER I 

Introduction 



Telecommunica tians-inforiTiation natworkB in the nation's cities and 
metropolitan areas are often compaiu^d with Che liuman nervous system. 
In modern urban life, a multiplicLty of signals ^ messages^ and data are 
transmitted by wires, cablesj and radio waves as instantaneously as the 
millions of nerve Lmpul^as in the human body. 

Comniunicat ions of anm sort or another have been central to the 
character and condition of all cities since ancient times* In the 
world's oldest cities, thoae of the MesopotaTnian valleys, rudimentary 
forms of communication were important in enhancing interaction among 
the ruling elite and inerchant class and in informing and controlling 
the rest of the populace in collecting taKeSj suppressing revolts, and 
quelling attacks. This was more or less true until the rise of the 
industrial cities j in the period between 1750 and 1850, Thereafter, new 
technologies radically changed the size, shape, and social organization 
of cities. Among those new technologies was electronic communica t ions ^ 
which had its origin in 1844 when Samuel B. Morse sent dot^dash 
messages over a single wi rt3 strung on poles between Baltimore and 
Washington, Tel ec omtnunica tions and information systems are now 
extensive and virtually universal in all metropolitan areas* Such 
systems include the switched celephone networki television and radiOj 
cable television, public telegraphy private line data and voice 
networks, and mobile radio. 

Today, telecommunications is vital in business and social 
relations as well as in, for eKample , directing traffic , monitoring air 
and water pollution, detecting and controlling crime, riots, and fires, 
and relaying informatLon about such varied matters as school programs, 
power failures, health care, welfare payments^ and storm warnings. 

Technologically, telecommunications has helped the complex, modern 
metropolitan areas to function better.. When the telecommunications 
channels broke down during the Watts riots in 1968, the Los Angeles 
area was in chaos. WhBn traffic signals, telephones, and car and 
transister radios continued working throughout the electricity blackout 
in New York's metropo ii tan area in 1969, many functions continued in 
an orderly fashion. By contrast^ in February 1975, when fire destroyed 
one of the pfinciprgl telephnne centers in mid town Manhattan, the 
business and social life of New York was abruptly rostricted* By itself, 
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o£ course, talocon,n,uni = ations cnnnnt solv. .h. probhnns r ov rca.e t . 

will be realized. In fixamininR the preB.nc .sc«t. .t th technology 
and the needs ^nd opportunic l«b in .,el:rnpolvC^m areas lh the "^^^ ^cv 
year the subject of this repnrc th. committee reuoRniEed th t 

there is ittls economic and .nci.l evidence to Kuppnrt the doRre. a 
^ich fulLy marah.Ued ce lecomm.m ic at ionH and information sya ems could 
^ ;\v«rcLa the contemporary cris.. oC urban "'f " ' f ^ e 

these uncertaintiea, the committer h.s undertaken " «K^.ne the 
potential urban applications of tel acummun lucations made possible by 
rapidlj evolving t.chnaloRieH and the reUt.va aconomy "f 

teiecQmmunicatidns, nprcnprtives 
llie committee approached its rnsk from a number nf perspectives 
which form the substance of tliis report. These are: 

9 Evolving Near Term Te U'commun ications Technologies 
(Chapter II Section 1) 

• Network and Systems Integration of Telecommunications Applications 
(Chapter 1 1 Section 2) 

« Econamic Considerations (Chapter 11 Section 3) 

. Potential Applications of Telecofflmunications (Chapter HI) 

• Ten Te lecommunicationH-Related Issues (Addendum) 

Four major advances in technology are identifed as likely to lead 
in the near future to significant changes m n,etropol a 
^UcoLnications: increasin«ly capable terminals. 5-"°^ f 

networks, cellular mobile communications, and ^-^ber^opt c cables Yet. 
as these technologies become incorporated ^ intn commun.cat ons networks 



it i. not expected that Che communications infrastructure in urban 
areas will change in character, Rather, progress will be evolutionary 
Th^e committee has concluded that the contribution of 
telecommunications toward solving the problems of the cities requies 



more explicit definition of the operational systems that will be u ed 
to increase the efficiency o£ local Rovernments and to deal with major 

"^''"Shiti" Slec^m^unications networks and facilities for different 
services should be inteftrated is a question which involves comp ex 
tradeoffs between system cost and capacity and grade of service 
Between tho points of lowest cost and best service Ues a range of 
optimal choices. Seeking commonality m service needs ^ 
facilities is perceived as a most useful approach for applying the 
comiunications potential to „e tropo 1 i tan area func tions . bin e 
purpose networks utilizing some multipurpose links in eKis ing acil ty 
networks are likely to be the outcome of this approach within the 
framework of existing and near-temi technologies. 
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Because the demand for telecommunicatinns eervices is derived from 
demands for other services, economic considerations are complicated and 
differ between the private and public sectors. While it appears that 
private - sector services are being met adequately by the avaiLable 
telecommunications technology and the pluralistic structure of the 
industry J the coramittee found it difficult to determine whether public 
sector services 5 not normally rationed or subject to the price 
mechanism, are adequately supported by telecommunications. 

While a broad range of telecommunications applications was 
considered, the connnittee selected only five areas for concentrations 
1) businesi aids , reference sources ^ and entertainnient , 2) govtrnment 
administration and the natural environment, 3) 'health, education and 
welfare, 4) emergency and mobile services , and 5) citiaen safety. 
Within each of these, the conimittee reviewed specific applications, 
emphasizing the use of teleconiniunications to ^ 

• Improve efficiency and reduce costs, 

• Increase timeliness and accessibility of information, and 

• Facilitate public access, 

Finally i the committee responded to ten telecommunications-related 
issues selected jointly by the committee and the federal agencies 
concerned* While some of the issues relate only to metropolitan areas, 
others involve telecommunications in a wider conteKt. 




Summary and Conclusions 
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Upon reviewing the advances in teLecommunioations cechnologieB, the 
opportunities for integracion, and the economic factors (all oucUned 
in Chapter II), and the many potential areas for applications 
(Chapter III), the committee arrived at the following observations 
and conclusioiis : 

1 While telecommunicaciona already provides significant services to 
assiit in the tnanagement and operation of private and public functions 
in metropolitan areas, many more opportunities remain, not only to; 
increase the effectiveness of existing services, but also to ofter 
wholly new services. The growing importance of telecommunications 
suggests that urban planners recoRnip.e its possibilities m a more 
analytical manner. The urban needs and technological possibilities 
should be aggregated and assessed in any effort toward more effective 
planning. IC is more important to aiiregace needs and bring them 
into sharper focus than to aeelt new technologies . Most of the basic 
technical tools are at hand. In this regard, the committee found chat: 

• Current telecommunications technology offers oppnr tunit ies for 
applications in health, education, and welfare, even though 
terminals for these applications still need to be developed. Such 
terminals appear close at hand, The majority of the 
telecommunications transmission and switching facilities required 
appear to be available in present and developing comtnunicat ions 
systems. But appUcation of telecommunications technology alone 
is insufficient to solve the many chronic, intractable problems of 
health care delivery, education: and welfare flBsistance. 

9 Telecommunication technology is important to support, implement, 
and regulate certain programs of the metropolitan areas. 
Reductions in cost and improvements in capabilities of existing 
communication services can be expected as a result of irapfoved 
engineering of available facilities and networks. However, 
significant advances in the use of sophisticated 

telecomtnunications technologies require more explicit definitLons 
of the operational systems intended to achieve the efficiency 
and effectiveness of the largely governmental organizacions 
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responsible for heal tli, education, welfare, judicial, police^ fire 
protection, and env ironnientaL safeftuarci funetlons* This is the 
central issue, Neur technologies are ofCeti aKci tin^ and interesting, 
but concern with theni magt not be RubstituCed for hard operationaL 
sysCems analyses of the functions that muBt be performed. 

2. It cannot be assUTTied that the most cost-effective response of 
te lecommunica tions to metro politan needs and opportunities is the 
integration of facilities and services. Many dissiinilar requirements 
are recogniEad. Complete integration may either lead to less effective 
comproniiies or result in extra costs when compared to lower levels of 
integrated system design, Be fore the optimum level of integration can 
be determined J a study of the situation will need to be made. The 
committee suggests that the following conclusions will be helpful in 
carrying out such a study: 

• The Switched Voice Ngtwork At present ^ it is capable of 
satisfying most technological requiretnents for business aids and 
reference service app lications ^ ich suggescs a high potential 
for integration, Differenc network requiremencs , mainly broadband , 
for entertainment and cultural applications offer a relatively low 
potential for integration with these other systems using present 
technologies, but cocrdination is still a requirement. In the 
future i new developnients may increase the potantial for 
integrat ion . 

# Metropolitan ktma Communications Network^s — To accomplish this 



and near-term technoLogies j the opera tLoni.il systems approach 
appears to be the ino-^t immediately useful technique. Looking 
forward five to ten years , basic work on sucli advances as coding 
in customer terminals^ digital mul tiplexinK » digical carrier, and ^ 
most importantly, fiber optics, may proniote the development of 
multipurpose integrflted networks. 

3. telecommunications and information system requirements 

associated with such go^^ernmental and civic services as general 
administration j health caras educationj welfare^ the judicial systemj 
fire and police protection, and environmental pro taction need to be 
better defined by urban planners and managers, Ttie committee has 
concluded that it may be impossible to take full advantage of 
celecommun ic at: ions potentials without some changes in the management 
structures in urban administrations. Opportunities e)cist for achieving 
better results through the use of telecommunications, but greater 
emphasis needs to be placed on creating an awareness of potencials in 
the local government management process. The disciplines necessary to 
make computer communications systenis work effectively should be 
incorporated into urban aclinin is t ra t ions . To accomplish this, the 
following should be cnnsidered; 

• Each central administration of a substantial governmental unit 
(state, county, city) neads to establish a focal point for all 




framework of existing 
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functions related to telecommunications and information systems. 
For eJtample, the City of Baltimore has eatabUshtfd an Office of 
Telecoimnunications that reports directly to the mayor. The County 
Of Los Angeles has a Department of Communications responsible for 
all communications planning in the county. Itie local 
telecotnmunications focal point needs to develop an integraT^id 
plan, based upon cost-benefit analyses, for the use of 
telecommunications and information syscams technolosy for all unit 
servicea. By grouping and integrating urban needs, planners and 
managers can often determine how to improve services, Lncrease 
reliability, and simultaneously lower the costs of both th« 
equipment and services available from the telecommunications and 
information systems industry, 
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CHAPTER II 

Technological Considerations 

SECTION It METROPOLITAN TELECOMMUNlCAr IONS TECHNOLOGY 



Telecomniunicat ions is a vital and dynamic component of the 
infrastructure of today's tnetropolitan atfias. This being soj existing 
and new telecotnmunications technologies hold the promise of improving 
the effieiency and effectiveness af almost every business and 
govirnmetital operation in urban life as vfill as improving the condition 
of its inhabitants, Realizing this promise requires an iterative 
planning process that involves the selection of highly specific 
functions. These include: 1) the deceTmination of the objectives and 
featurea of the operational systetns^ required for particular functions 3 
2) the evaluation of the geographic 5 organizational 3 econoinic s 
political, and legal constraints on the operational systems j 3) the 
definition of the communications capabilities required by the 
operational system, and 4) the design and evaluation of alternative 
telecommunications service networks^* Co meet the designated needs. 

Planners of operational systems should consider the performance 
and costs of existing and new teleconirnuriications technologies, as ^ell 
as the possibilities of combining service and facility networka* The 
purpose of this section is to review the existing and near^term 
technologies and to indicate how to plan for their application; the 
neKt section of this chapter considers the possibilities for combining 
networks 3 and the final aection assesses the economic factors. 



^ Operatio nal _Systejig are here defined as the flow of activities 
reqaired to carry out a specific petaonal, business or governmental 
fane tion. 

^■^ Service Ne t works are defined as the aggregation of customer 
terminals, loops, trunks, switchesy processorSj and tnaintenance 
equipment required to provide end^co'-end service to users, In this 
tasonomy, F ac i li t y N e t wo r k s are aggregations of links #nd nodes 
which provide the components of service networks, 
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Existing and Neat T errn Ta^^ 

The basic technoloRias now exist to translacii any voice, data, or 
picture message into malog Or dL^Ual signals and to transmit , HWitcn, 
and process these signala in a wide Satiety of net^^ork conliguracuuiH . 
Switched and privflte line voice, record , and low to medium speed dnta 
(10 kilobits per second) services are provideci by the telephonu nt-twork, 
Higher speed data, facsimile, poin t-to-point video, flntl mobile services 
are provided by specialized private flnd common carrier networlcH. 
Broadcast services are provided by raUio artd television stations and 
the irowing cable television netWDrkH. . 

Substantial engineering flpp I icat ions oE new technoloBies mil 
result in evolutionary perEormflnse impfovements and feature additions 
as well as reductions in "conatant dollar" coats ot these services. 
The present telecommunications capabilities can meet many of the 
requirements for new operational syaCems, bwt these wi 1 1 not clianpe the 
character of the communications in Erdstvuctiire in metr opol i tan area-s. 

The major advances in technoiogy ch«t can contribute to significant 
changes in' metropo 1 itan area conirfiunicst iosis in the next five years aru r 



1. 



Special ized 
cathode ray 
technique s , 
by the microproc 



and general purposi* user tfrniinals involving 
tubes, plasna displaya, and new printing 
Microeleccronic tachtindogy, as exemplified 
ssor on a claip, will lead to 



sigkiificantly increased ter-minal 
win have considerable impflct on 
architecture , 



iiDphlatication, This 
coniinunicat ions syatwm 



Software controUed tiet^orlts invoiving 
processors for siRnal coriversion, storage, 
routing, and error control , 



distributed 
formatting, 



3. Glass fiberguide tranflmiaflioti systpms for multiplexed 
voice, data and picture gignals. 1^/ 

4, Cellular mobile commun icat ions networks operstins in the 
900 mHz band and utilising atored progratn controlled 
switching machines to opcimize specCruiti use. 2j_3/ 

Digital transmission, gwicching , and their integrfltion could be listed 
as a fifth major advance, but thase may dUo be considered as a part of 
the rapid evolution of the switcned and private line telecommunications 

networks. 4,5/ ■ , , j ^ 

Communications satellites are expected Co be more widely used .or 
intercity connections and to ptovida communications services co larpe 
and distant rural areas. Few, if at,y, u-ies of sate Uites are foreseen 
within cities because of Che comparative coat advantage of alternative 
terrestrial facilities. In addicion, there are services that may be 
affected by delays in transmission time cesulting frotn the use of 
satellites as the transmission medium. 
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Tglecominunicat ions TechnQlo^iy Application P^j_ jlt2ina 

Littlfij if anys definitive and detailed inforniaEion on needs and 
costs is a\failable upon ^ich to synthesize new siT\/ice networks. 
Rather s there is a plethora of ideas and proposals chat might be 
technically possible ^ but may not be econDinically attractive or 
feasible in the organigational or operational seiiSe* Diese observations 
emphasise the need for the disciplined planning of operational systems, 

NoCwichstanding the lack of explicit information m 
telecomtnunicat ions capabilities that users cari justify. operationally 
and economically, it is clear that existing atid near^term technology 
can provide the component channels^ controls, switchings and signal 
processing capabilities required by most of the operational functions 
identified earlier, Moreover, nurnerous opportunities exist for adapting 
the types of loopSj trunks, and switches that form the urban facility 
networks^ as well as for the provision of new and enhanced services* 
Not surprisingly, the problems and challenges lie in the economical 
aggregation of more or less available techniquea to provide viable 
service networks that may or may not serve several functions. 

The planning and direction of technology^based studies are carried 
out in the fQllowing three distinct but coupled categories* 

1. Engineet^ing a ppH^ action q avai labile facility network 
components to improve and enhance exi s ting types of 
services. The need for a managedj combined voice and 
data network of a governinental entity is one ejcample, 

2* E^ngineer^ng appl ic ant ion of availab le typ es o£ channels 
Co provide links in specialized service networks* Alarm, 
aenSLngj and control channels for environmental 
tnonitoringj traffic control j and preTnise surveillance; 
and the numerous types of data links for all manner of 
business and governmental operations are examples. 

3. Planning studies for advanced technoloji e s that may make 

pDBSi/ble te lecomniun ications capabil iti es tha_t are 

subs tan tij^^y j^^^^^t. existin g services . The 

conipleK d^.Ca-base oriented networks for managing welfare 
opet'ationa, an interactive audio^visual^^d^ta network for 
health care, a contbinaciori oif educationj entertainment 
and business video networksj and vehicular location and 
control systems are examples. 

The engineering application studies in categories 1 and 2 can be 
carried out jointly by the communications industry and business 
or governniental organizations requiring service. Defining the needs 
and balancing them against costs is all that is required. In making 
such studieSj user organisations should explicitly establiah a range of 
possible requirements chat will meet their needsj and vendors should 
provide realistic performance and cost data. Dependence on undeveloped j 
even though promising, advanced cechnologies should be avoided. In 
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addition, any assumed cross-subsidies among organizations should be 
clearly identified and their acceptance verified. 

Pending the availability of more clearly defined operational 
requirements/ it becomes necesfiary for the R&D organizations, 
manufacturers, and carfierB, who are nurturing these technologies, 
to invent, propose, and market components and network services on the 
basis of Cheir perceptions of cuBtomer needs and their pUnnini studies 
in category 3. 

It is likely that the service network features conBidered 
important by potential users are; (U economical user tertninals 
matched to the requirements of one or more operational system tunctions 
(2) sophisticated signal processing and control; (3) low cost broadband 
channels to widely dispersed customer locations ; (4) substantiai 
increases in the efficient utiliF.ation of radio frequencies allocflted 
for mobile communications: and (5) low cost narrowband switched data 
networks. Significantly, advanced technoloRies , forthcoming m the 
near future, are directed to these problems. 
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SECTION 2; NETWORKS AND SYSTEMS INTEGRATION 



In addition to opportunities for applying telecommunications 
tachnologiei to the problems of the cities , there exists the 
tantalizing proposition that integration of existing ma tropolitan 
communications systems could lead to new me tropolitan functions or 
could improve the performance and efficiency of continuing functions. 
The overall subject of integration is both broad and compleJ^ and 
requires careful analysis. Accordinglys the committee has chosen to 
develop an overall understanding of the issue from several perspectives 
that involve: 

• Combining operational systems 

• Combining eommunications networks 

• Planning networks 

• Analyzing integration potential 

This approach provided the basis for the committee's evaluation of the 
concept of integration. 

Coinbi^ing Operational Systems 

The technieal and trade literature contains many ideas for using 
telecomniunicat ions technology to support what is perceived to be 
socially desirable functions. EKamples of public services likely to 
derive benefits from the application of telecommunications technology 
are: education, through computer-aided instruction and remoce video 
presentations; health care delivery , through audio, dataj and video 
communications 5 crime prevention, through improved reporting and 
computer aided information retrieval and dispatching capability; and 
public assistance mana|ement and information distribution, by applying 
various forms of communications and data systems. 

The combination of operations within or between broad social 
services (i*e. educationj health cbtb^ crime preventionj public 
assistances etc,) is severely handicapped by a lack of agretment on 
the functions J standards, objectives, and responsibilities among 
autonomous public administrative units* Combining telecomtnunicatiotis 
requiriments into tnultipurpose networks involves resolving cost 
allocation and cross"^subs idy problems that are charged with political, 
economic, and social values. For e.Kample: Should telecomtiiunications 

13 



14 

foe socially desirable services such as education, health care, critfle 
prevention, "and public assistance be subsidized by Leleconnnunications 
fot entertainment and business operations that are priced above the 
real costs? How such a question is addressed and answered rs critical 

to systeni concepta, u y^e 

Chapter III surveys, catalogs, and reports on a large number ot 
public service operatLonal systems that should benefit from improved 
telecommunications capabilities, Ihis is a necessary first step 
in the process of definins practicfll cosw-e f fee, tive teleconmunicatLons 
capabilities, developing broadly appUcaHie agree™ents across 
organizational boundaries, and resolving coat allocations and subsidy 

ques tions . _ ■. in 

To provide further insight into combinational oppor tun it le s in 

operational systems, the following additional tasks would have to be 
to be undertaken; 

• Developing a methodology for defining specific and 
limited operational systems in socially useful fields; 

• Explicitly identifying and delineating the intra- and 
inter-ofganizational problems involved in integfating 
specific' operational systems and telecommunications 
ne tworks ; 

• Assessing costs for various telecommunications 
capabilities with present and near-term technologies, 

With such information in hand, one could then think explicitly about 
possible integrated telecommunications networks. The extent to which 
they would be cotisidered desirable and economically acceptable is 
conjectural at this point, , . 

These comments apply particularly to the social and administrative 
functions of governinent or non-profit organ izat ions . With most private 
business and entertainment functions, such as new data communicaLions 
services electronic funds transfer, electronic record communications, 
and entertainment television, the profit motive of regulated and 
unregulated business will continue to foster large eKpenditures 
for operational systems planning and R&D. Indeed, trade and technical 
literature already covers service concepta, experiments, and commercial 
proposals in the private sector. 

Combining Communications Networks 

A common goal for telecommunications users and providers has 
been— and will continue to be— to increase the common usage of 
facilities by various services. Full attainment of this goal m urban 
areas, however, will be limited by the economic contributions of 
technology, the cost of reaching dispersed customer locations, and 
service features. The need for specialized channels to accommodate 
differences between baseband signal characteristics, custotner service 
points, switching hierarchies, terminals, and operating arrangements 
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has led to specialiEed service networks (vs. newly optimized 
multipurpose facility networks). Yet specialized service networks have 
been possible only because existing £sc il i ty networks have proven to be 
useful foundations upon #iich to buiLd. 

ThuSj in long-haul inter--city communications , different radio 
frequency channels on common rouces are used for increasing multiplexed 
voice (and voiceband data)j television channels ^ and, most recently, 
data^under-voice (DUV) . 

In urban areaSj separate wire pairs in large facilicy cross 
sections are used for either voice, data up to 56 kilobits per second , 
or, with severe restrictions, baseband video. Common use is made of 
poleSj underground structures, cable sheaths and buildings=^="but not 
channel electronics* Also, 1.5-3 megabit aignals carrying voice and 
data can be transmitted on repeatered wire pairs that are carefully 
engineered. Coajcial cable systems can be used for 274 megabit digital 
channels carrying different services or for multichannel analog 
television (CATV) that may also be used for data. Here, multiple use 
of these facility network links depends on the concentration of large 
amounts of traffic over specific rouces. 

Based on this understanding? two critical observations can be 
drawn : 

1. EKcept for alternate voice/data services on voice--band 
channels, multipurpose use of common communications 
links is largely limited to facility networks rather 
than service networks. 

2, Economies of scale are derived from (a) traffic 
concentration; (b) sharing of structures, buildings^ 
ancillary equipment (e.g. power); (c) facility design; 
and (d) integrating maintenance operations. The scale, 
and the resulting economies that may be obtained, are 
limited not only by the level of user demand, but also 
by other significant considerations. 

Even so J the basic question is left open on the extent to which 
economical multipurpose service networks can be defined and implemented. 
Distinct opportunities exist for gaining commonality in the facility 
network portion of service networks. But going beyond this into 
terminal design and operational control involves identifying and 
solving organisational problems and understanding the realistic 
technical and cast factors involved in providing various kinds of 
telecommunications in both singular and combined forms* 

Planning the Networks 

Experience teaches two facts that are based in the logic of 
topologyj traffic theory^ and communication theory. 

First 5 custofner terminals and the access channels most often 
represent the larges t cost of user-or iented ^ telecommunications 
networks. ^is results from the geographiLal dispersal of customers 
and the low usage of individual terminals* 




Second, increased informntion flow in the form of mdev bflndwi.Uhs 
or higher bit rates results in hisKsr co.-sts Cor terminal? nnd chonnals, 
AmpLification to overcome media Loss, ainplitud.i; and delay equal i^nt i on 
to "preserve signal identity, multiplexing to combine siRnaU, and 
coding to generate signals more compatible with available channels also 
add to the costs. By contrast, switching and trunk transmissi-on are 
less costly and rcsstrictive because these can be handled centrally and 

in bulk. , . , , , .„ 

The distribution of voice, high-bit-rate data and video siRnals m 
cities have evolved using separate EaciUty netwcirks, m part because 
of the large differences in siRnal format and the sensitivitLes to 
intarference and distortion. The basic cost.s of wire pairs, cooKials, 
radio terminals, niul t iplesers , linear amplifiers and pqunUEeriS, and 
regenerators are iinportanr, reasonH for this servicu v^tynrk 

,1 i f fr ren t iat ion . , 

Ihc customer loop telephunt! plant is economical for voice ana 
voicaband data. However, its use for data siRnals in excess of about 
10 kilobits per second requires costly pair sulectiou, equa 1 i =;a tiun , 
and reseneration. With T Carrier digital transmission, conventional 
wire pairs can be used for up to about 3 megabits, al though this 
requires costly on^ineerins and reEenera tive repeaters spaced at 1 mile 
intervals alonp a route. Tliis trchnology is cost-effective on I v for 
poutes with 10 fiy.^toms or more. Thus, hiRh-bit-rate and/of individua. 
video customer access lines are not yet generally available. 

Access lines that are widely dispersed require an extremely 
complex and dynamic f ac i 1 i ty ne twork . Econom ic s , techno lo^y , and the 
sheer size of these networks make rapid chanse difficult. 
Notwithstanding. steady progress is beinR made in applymR new 
technology to reduce cost and extend the service cnpflhility of this 
vital part of th<^ te lecoramunicat ions ntitwork. ■nie Uopi; for truly 
high-bit-rate and video access lines becoming generally available 
will most likelv depend upon the developmenL of digital carriers on 
wire pairs and opticfll fiber utilizing digital carrier or baseband 
video. However, much basic research and development work is required 
before the cost and practical usage pattern ol these technolosies arc 

known . ■ , u 1 ' 

If and when shared access lines do become available, voice, 
hi^h-bit-rate data, and video signals can be most readily accompl isiied 
on" common channels and switches by coding the signals in digital 
formats. While, at present, the coding of voice and vid-o si,,,>t.is on 
the customers "s prernises is too expensive for general widespr-fsa i su , 
continuing developnients in integrated solid state electronics jliuulu 
reduce the costs. Here it must be emphasized that the extent to which 
combined voice and high-bit-rate data services, and posaibly viri«o 
services, become available at the customer's premises will depend 
not so much on improvements in signal coding, but, more s igni E ic an 1 1 ? , 
on the coat and avail aDility of high-bi t-rate custumHr acce.sa cnannelb. 

A nalyzing the In tegr ation Potential 

Turning to yet another aspect, the committee prepared a matrix 
chart (Tabu I, pages 18-19) to incorporate the factors identified above 
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and to analyze the potentiil opportunitigs for facility and systerns 
integration , The tua tr ik identified specific applications being 
addressed on the vertical side of the chart and tha technology and 
other related factors horigontally across the top of the chart. An 
example to which this chart was applied is shown in Table V (Chapter 
III, Section 1, page 36) . 

Such an analysis via a matrix offers a useful overview of 
the entire issue. The headings on the tm axQs suggest broad 
generalisations and pacterns. For instance, one can observe that 
many of the applications could probably be supported by the 
evolutionary growth of the present public telephone service 
network; yet without further analysis it cannot be automatically 
concluded that this would necessarily be the most economical ineans , 

The matrix also demons crates that the broad specifications for 
many of the comniunications service requirements are still unclear or 
uncertain and bence difficult to fit into patterns. This is 
particularly noticeable in public sector services such as health care 
and education. By contrast, business service requirements were more 
easily identifiable, and hence it was possible to fill in the matrix 
for these applications (see Table Chapter III, Section 1, page 36), 
One reason for this variation has already been noted- that 
profit-oriented businesses devote adequate resources for 
operational systems planning and R&D to satisfy demands that 
offer a reasonable return on investments. The system in effect forces 
planning toward optimal integration. To compensate for the lack 
of similar forces in the public sector, resource assistance may 
be required to develop demonstration or pilot service systems that 
are integrated and to evaluate their future feasibility, 

Ove c v^e w 

While these four perspectives were useful , none could fully answer 
the question: Ho^ completely can separate facilities and services 
be integrated before eKceeding the optimum cost/benefit ratio? 

Integration can be studied under two headings: integration of the 
needs of disaggregated potential users of certain services and 
integration of dissimilar services. If demand for the services can be 
integrated j a better opportunity exists for integrating the hardware 
and software systems to implement the services* In addition, 
integrating the demands for service with the means to provide it 
is a natural goal in a productivity-oriented econQmy* 

But more integration does not naturally lead to more benefits at 
lower cost particularly as the integration leads increasingly to 
increased complexity and counterproductive combinations. 

The trade-off issues are graphically displayed in Table 11, 
page 20, Each of the numbered curves in Table II is described below: 

1. S ys tern hardwa re cos ts (per unit of information handled) 
will decrease as there is an incfeasing integration of 
service needs* This increase is that typically shown in 
a single fac ility where total demand can be aggregated 
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economically* In pracLicej however, this dRmaiui is 
spread geographically. At some point, thti cost to access 
an increased gengrnphical arda will offset the dGcline 
111 hardware costs, 

2, System complexity cost — mnstly in terms of software 
and niaintenance needs — will increase with increasing 
integration* Complexity increases geometrically as the 
number of dissimilar system interfaces increases. 

3* Total cost then follows a saddle^shaped curve. 



4. The benafit of the system generally referred to as 
grade and/or quality of service can be improved by 
some integration. Additional services can justify a 
service-^consc ious management with depth in trained 
operating and maintenance personnel* As integration 
increases i however j additional accommodations need to be 
made and compromises in service quality may result. 
ITiings that go wrong in one system can affect all 
s ys tems . There are more potential cus tomer load 
imbalances, and skills have to be spread thinner over an 
ever wider field of hardv/are and software. 

5* By "ratioing" curve 3 to curve 4, one derives curve 5 as 
an indicator of the ultimate measure of cos t-^bene f it . 
Note that there is a broad flat "optimum'* that ranges 
between the points of lowest cost and best service. 

In considering the integration of disaggregated services and 
hardware J the best choice is likely to fall between optimum sizes for 
cost and for quality of service. Determination of the proper mix and 
balance among the factors considered is best accomplished by the price 
mechanism of the market. But physical facilities in telecommunications 
require access to public resources i.e* sharing of rights of way or 
radio frequency spectrum. The consequence of this is that the optimum 
balance may not be obtained without government participation* 

Additional factors can be brought into the analysis as an aid to 
closing in on the optimum points. 

Technical factors that influence significantly 
the choice of hardware! 

examples: bandwidth 

terminal mob il i t y 
need for privacy 
terminal design 
sys tern structure 

system interconnection (common network 
need s) 
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Service issues (or styles) that significantly pattern 
the software into styles of service: 

examples: file search 
transaction 
computing 
monitoring 
correspondence 

conversa t ion 
education/ entertainment 

travel substitution 

A display of the relationship between these styles 
and the fields with potential interest is given in 
Table III, page 23, 

S ocioeconumic issues that influence the final choices 
in the trade-offs: 

examples: government/private industry "partnership" 
need for regulacion 

cost/benefit *4n the public interest" 
existence and competence of "suppliers" 



The first two sets of factors (technical isiues and service issues) 
can be related and then analysed for potential integration 
opportunities via another matrix, as in Table IV (page 24), which is a 
simplified version of Table I. Introducing the socioeconomic issues 
into the matrix would be the final and indeed most complex and 
subjective step. 
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l ADLE ill Service Style Patterns 

I'ields witfi Potenlial Inluresi 
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Service Style Dennitions 



Flic Search: an inquiry is niade of .in addrossad 
file with prgper seafch codes (300 
boud) and response from file for dl.^ 
play or print out is made at 1200 or 
2400 baud; search may require Infer- 
aetive jnteraution between the file 
controller and the inquirer. 

Trafisgction: a transaction required h addressed to 
the proper control center and after 
connection is acknowledged thu ir^ms^ 
actor mokes the entry and receives 
confirmatjon followed perhaps by 
%QmQ form of **receipt"; the ^ignnl in 
both directions gynerally would be at 
300 baud. 

Conrtputing: similar lo the above but the transac- 
tion is one of processing and uoniput^ 
ing thereby requiring much longer 
connect times and generaliy higher 
speed (1200 or 2400 baud) return for 
display and/or print out. 

Monitoring: sensors are connected full time (or 
under clock time control) to a I2O0 
baud circuii;data is extracted by pnlU 
Ing and data includes "address" of 
sensor m well as what it reports;dnta 
volume per sen.sor is low but full 
voice circuit is needed to speed fre- 
quency of polling process. 



Corrospondence: 



Conversational' 

Education/ 
Fntertaimnent: 



Travel Substitution: 



this can best be duscribed as an up- 
dated fgrm of Telex -higher speeds, 
higher quality, more routing and 
priority options etc; most traffic 
will be handled at 1200 or 2400 baud 
in each direction. 

two way telephone service. 



in some applications the service 
would be quite similar to that de- 
scribed under cornputing; in others, 
there might be full TV .signal feed- 
bock either individually addressed or 
**party line/* 

in its early stages, potential conferees 
would ail enter conference studios in 
their respective cities and conduct a 
meeting in full two-way TV; new 
scanning systems with bandwidth re- 
duction may permit simultaneous 
transmission of several TV pictures 
on one TV channel if frame to frame 
motion is not a problem. 
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Possible Opportunities for Integration 

Today's telephone network could satisfy most of the styla and 
technical facfcor^ shown in Tabic IV, below- 



TABLE IV Relationship of *'Style" and ^^Tedmlcal" Issues 



File Search VC' 

Transact ion kVC 
Computing 

Monitoring ^VC 

Corre-^pondencc kVC 

Convarsuiionai VC 
Educ/Entertainmunt VC, TV 
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-BW 
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PQ ^ print out 
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Systuni 
Structuru 
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A/R 
A/R 
A/R 
P 

A/R 
A/R 
A/R 
A/R 



N 
N 

NorL 
L 
N 
N 

L.N 

N 




Sysiem 
Interconnection 

N ^ nationwide 
L ^ local 



The eKcepcions are : 

« TV bandwidth for travel substitution, education, and 
entertainment opportuni ties ; 

i Variety of terminal design needs; 

• Exeess bandwidth for transaction, monitoring, and 
correspondence ; 

• Occasionally inadequate bandwidth for computing; 

• Polling requirements for which it is not structured, and 

• Portable and mobile conversational needs now met by 
other systems primarily local mobile radio systems. 

Of these only TV Bandwidth is a major limitation. The other 
exceptions can readily be overcome by expanding and developing the 
telephone network to enable acceptance of this breadth of "style needs 
For example, portable and mobile communications capabilities will be 
greatly increased with the advent of cellular and trunked systems that 
will handle lOOO to 1500 users on a single channel, in contrast to the 
present capacity that saturates a channel at about 50 users, 

3^ 
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The range of "styles" will require a wide variety in terminal 
design. While opportunities exist for terminaL design integration, the 
variability of the human factors at the terminal interface and the 
variety of software designs will probably preclude early integration 
into a singular, comprehensive terminal. However, the '■ilements" of a 
terminal might become quite common in design, thereby enabling 
introduction of mass production techniques. These "elements" coulcl then 
be assembled to meet specific service needs. 

Although a TV bandwidth network could be postulated as capable 
of total system integration, many service styles would ba making only 
sub--optimal use of such a network. Unless inefficiencies could be 
accepted or tolerated, the ultimate potential physical integration of 
data, voice, and video facilities will have to wait upon further 
progress in fiber optic systems. But even that is dependent upon yet 
the other facet of the total problem, namely the socioeconomic issues. 

Conclusions 

Within the framework of existing and near-term technologies, the 
operational systems approach ~ seeking commonality in service needs " 
appears to be the most immediately useful technique for metrDpolitan 
area functions to gain fran telecommunications potential- Single- 
purpose service networks utilizing some multi-purpose links in existing 
facility networks are likely to be the outcome of this approach, 

Looking forward 5 to 10 years, basic work on coding in customer 
terminals 5 digital multiplexing, digital carrier and, most importantly, 
fiber optics systems, may allow projection of multipurpose networks. 
Finally, we must realize that advances will not occur unless the 
pertinent socioeconomic issues are addressed simultaneously with the 
other two axes of the matrix (Table I, pages 18-19). 
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SECTION 3: ECONOMIC CONSIDERATIONS 



Thf. richness of te lecomraun icfl tions technology is such LhaL its possible 
applications nnd opportunities for inteRration are limited only by 
economics and human imagination. Home monitoring of ambulatory patients, 
computer-flided instruction, electronic funds transfer, and a host of 
other services are technologically feasible right now. Some services, 
such as pay TV, are growing and will continue to do so at least through 
1980- others, such as facBimile to the home, are not even in the trifll 
stage in the 11. S., though they continue to be considered as cost and 
other factors change. 1116 factors that tend to limit implemcn ta 1 1 on nnd 
combination of these services are in many cases economic, although tht-y 
may also be political, sociological, historical, regulatory, or 

LegislativG^ e- 

The review and analysis in this section considers, first, thn 
general teleconimunications economic environment; second, the privaip 
sector of the economy; and third, the economic factors related t,, 
public sector service. 

Ove rview of the General Te le communicatio^ns Enviro nme^ 

In the past few years, the telecommunications market has 
experienced considerabU growth. This is expected to continue at a 
substantial rate through 1980, although the growth will vary 
considerably in each market segment. In 1973 the Department of Commerce 
projected the annual growth rates for the various components of the 
(narket: 6/ 



International teLepnone 

• Cable television (subscriber revenues only) 2W 

• Domestic telegraph (including data transmission) 17? 

• International telegraph {including data 16-. 

Lransmiss ion) 

• Domestic telephone (including data transmission} U% 



Perhaps the most significant causal factors of this growth rate 
are Che technological advances in the telecommunications and data 
processing industries. Advances in technology are expected to lead to 
an evolutionary reduction in constant-dollar costs for particular 
celecommunications applications and enable the continued develop«.nc 
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of new conveniences and operational ^lysttirns for end users* Advances 
in solid state digiLal intel I i^^ence and disitn] LranHmission channels 
should provide a key to new deve lopmGnts . 

The rapidly expanding cligitoL LGchnology will also hasten the 
developnient of communicflt ions/computar natworks. A low cost switched 
digital network is likely to be developed that will (l) satisfy a wide 
range of user needs, (2) receive input from any type of functional 
Cerminal, and (3) be available at reasonable prices. 

Changes in the telecommunications market within both common and 
non^conimon carriers have also parslleled the advances in technology. 
For some time the goal of universal te le phone service has been reached 
in the U. S. for both businesses and homes. Having achieved saturation 
of basic telephone service, new developments are being introduced to 
sustain Che industry's growth. Ihus, in the residential tnarket, new 
equipment from both telephone company affiliates and independent 
manufacturers has brought about many novel services and conveniences 
such as automatic dialers and call forwarding. Businesses have access 
to a variety of new customer operating features. Convenience j at 
reduced operating costj is the goal of these market-oriented 
developments . 

Historically, the pricing of telecommunicaLions services has 
emphasized the concept of "value oE service". More recently, emphasis 
has been placed on cost'-re la ted pricing, particularly at the federal 
level. The shift away from flat-rate pricing may alter the calling 
habits in metropolitan areas. While precise forecasts of future 
calling patterns is not clear at this times usage sensitive pricing 
of telephone service is certain to affect businessj governmentj 
and residential calling habits. 

Regulatory and legislative actions have also been important in the 
structuring of today's te lecoTTimunications market. Rate changes and 
new services are usually handled on an individual basis, with an 
occasional broader review. Federal and state commissions have 
sufficient authority to deal with any new telecommunications services ^ 
investment, or pricing concepts that either the i^overnment or the firms 
want to introduce. 

Private Sector 

In the present telecommunLcti tions environment ^ residential and 
business users have a great range of choice of facilities and services. 
The marketplace supports and encourages the development and 
implementation of new services made possible by the wealth of 
telecom-mun icat ions technology. While it is not possible to state 
absolutely that all the needs in the private sector are being satisfied 
at affordable prices, the commiLtee has not identified any major areas 
where services made possible through the available technology are not 
being developed by the telecommunications industry. It is reasonable to 
anticipate that this condition will continue so long as the existing 
legislative and regulatory climate exists. 
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Public Sector 

In the past decade, metropolitan areas hava experienced ati 
increasing need Sot more and better communications. Among the causal 
factors are: 



Growth in the interdependGnce of human goals, problems, 
and activitieB in many dimensions , such as geographical 
range, number of peopld involved, and number of 
differetit Eunctiona. 

b. The growth of structural and operational complexity, 
resulting in part from attempts to cope with 
interdependence . 

c. The rising expectations on the part of the population 
with respect to education, health care, employment 
opportunities, and access to economic and other 
resources, Jj 

These categories encompass a variety of public sector functions 
and services from education to police protection and welfare. 
Telecommunications for these services is being satisfied largely by 
the mix of regulated and unregulated firms operating m the private 

sector . . - . . . c » 

Yet attempts to estimate the specific requirements tor 
telecommunications in the provision of public sector goods and services 
are complicated by two factors. First. the demand for 
telecommunications stems from the demand for public services. Second, 
the supply of these services is not customarily rationed by the price 

mechanism. , . . 

Estimating the "derived demand" for te lecammunications m such a 
setting stems from the need to forecast both the estimated demand for 
non-market goods and services and the associated demand for 
telecommunications to carry out these programs, The result of these 
complicating factors is a lack of sufficient data by vhich priorities 
for the use of telecommunications in metropolitan areas can be assessed. 
For example, it is difficult to rank the costs and benefits ot 
technology utilization in the field of education. Not enough is known 
about educational production functions to say, for instance, that 
$1 billion spent on technology will raise reading scores by a certain 
percentage for a specific grade. Similarly, the value ot a specific 
technological device, to aid a relatively small number of handicapped 
students' to attain a certain academic level, can hardly be compared 
to the benefits that might derive when equivalent funds are applied 
to, say, rural schooling or cable TV education sectors. 

Development of the capability and data to permit cost-benefit 
evaluations in those areas of particular importance for public sector 
offerings requires: 
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1) ImplementaCion of a series of studies to determine the 
contribution of tel ecommun icatioMS in the provision of 
public goods and services. 

2) De terminatLon of who should accapt primary developmBric 
responsibility in these areas. 

The second requirement involves the consideration of ^^acher to rely 
altarnat ively on private firms » state and local governments j and/or the 
federal government. 

The private firm can frequently contribute by translating the 
public sector derived demand for telecommunications into the method of 
providing least cost service. Knowledge of specific functions, 
requirements s and intentions for government programs , say of welfare , 
may not appear completely in private firm projections of needs , 
There fore j the government will have Co supplement and clarify the 
private firm projections so that the service can be developed and 
applied effectively. 

Stat^ and local governments can assume some of this responsibility, 
especially given the importance of the metropolitan base. Needless to 
Bay i however J governments beset by budget problems and social 
priorities face difficult questions about the use of available funds . 
Under the circumstances 5 state and local governments often favor 
programs with an immediate payoff. 

In some cases ^ the federal government may be best qualified 
to promote the development of telecommunications for urban areas. 
For example, the federal government can undertake the apprqpriatta 
range of pilot studies and develop nationwidg data bases that involve 
the consolidation of information and other factors of a non-local or 
multi-local nature* Such studies or programs may require that planning 
and data gathering functions of the FCC and of telecommunications 
agencies in the executive branch be strengthened. 
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CHAPTER III 

Service Needs and Opportunities 

SECTION l: BUSINESS AIDS, REFERENCE SOURCES AND ENTERTAINMENT 



The apparently disassociated areaa of business aLds, reference sources, 
and entertainment have one element in comnion - the heavy reliance 
on telecommunications. Because of the increasing cost and inconvenience 
of travel and the relatively slow speed and rising cost of physical 
document transfer, this reliance is expected to continue and increase. 
Technological advances leaditiR to reduction in constant-dollar cost tor 
telecommunications services will further increase this reliance. 

BUSINESS 

One trend in today's urban life is the production of more 
information and services. Now that three-quarters of all Americans 
live in cities (in contrast to only two-fifths in the year 1900), iL is 
not so surprising that about one-half of the total U. S. work force 
is employed in the service sector. 8/ , 

The social and econoniic impacts of the shift from gooda=produc mg 
to information-service industries in metropolitan areas require special 
attention to planning the future applications for te lecomniunicatLons 
technologies. Such technologies may be examined from the point of 
view of either the supplier or the user. The committee chose to 
describe and assess the services available to the user, and further 
limited the scope of its review to the following: large building 
complexes, professional groups, consumers, banking and finance, 
transportation, and .securities markets. In addilion, potential 
services rather than existinR services were given ihe major emphasis 
in this review. 

Business Office Complexes 

The social impact of unemployment in manufacturing in the large 
metropolitan areas, the migration of industries from the central 
business district to the suburbs or rural araaa, coupled with problems 
of waste disposal, environmental pollution, health care, and energy 
have stimulated some reRional planners to develop concepts on how 
to improve the business environment and opportunities withm the city. 
One solution envisioned is the establishment of urban industrial parks. 
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The concept of an urban industrial park suggests new services 
offered on a shared bag is to individual businesses within a compleK 
of offices and industrial buildings. These new services might included 
fire surveillance; alarm and emergency control; security surveillance; 
monitoring and control for individual building environments; external 
real=time environmental monitoring to meet community standards 
(air and water outfall quality); video conference center; information 
center; centralized dictation and word^process ing center; 24=hQur 
telephone answering j radio dispatch and message service; transportation 
scheduling and control; medical services; employee training; electronic 
mail center; electronic reference services and training institutions; 
and interconnections with other industrial and commercial centers* 
These integrated telecommunicat ions ^ information, and related services, 
provided on a multi-user and cost-effective basis, could give small 
commercial/ industrial tenants access to services heretofore available 
only to the larger establishments* Additional opportunities evolving 
from, the industrial park concept i such as the recycling of waste 
material, might also become economical. 

Development and Deli very of Commercial Services 

In metropolitan areasj the large group of professionals — 
including medicalj scientific^ and technical specialists, managers, 
proprietors, buyers, and government officials ~ rely on economic, 
rapid cotranuni cat ions for effective performance of functions. Their 
telecommunications requirements incorporate functions such as 
(1) a rapid method of intercorporate or interoffice document or mail 
transfer with minimum reformatting; (2) rapid access to current 
financial information about customers and suppliers with bank 
certification; (3) information on product and service sources, 
di str ibutors s specifications, delivery, and prices; and (4) information 
on transportation facilities and schedules for accommodating personnel 
and materials* 

The growing trend for small- and medium^sized professional 
businesses in the U. S. to retain overseas agents requires fast, 
efficient telecommunications. Thus fari little or no difficulty has 
been experienced in international data traffic interconnect ion j despite 
different equipment suppliers. No change is anticipated in the 
continuing capability to cope with international data traffic, In such 
commercial services there is room for considerable growth in the use 
of telecommunications to improve efficiency and reduce costs. 

Consumer Information Services 

Consumer purchases are often made with incomplete information. 
Often when making a new purchase, the consumer finds that technical 
data, quality, warranty, maintenance, and repair Information are often 
unavailable in a timely and meaningful format. By contrast, 
manufacturers and service businesses have improved their market 
information by teleprocessing data derived at least in part from 
point--Qf-"sale systems* This information has resulted in marked 
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improvement in the management of inventory and etficient personnel 
assignments. It has also led to acquiring more accurate data. In this 
connection, consider the case of the airlines which are able to spread 
the load on their reservation and information syBtems as a result of 
the knowledge of traffic being handled at various points and the 
ability to transfer calls between points. 

Using the same point-of-sale and related information systems, an 
order clerk could obtain product information for a potential customer 
from a central data compleK prior to purchase, so that both merchant 
and consumer could benefit from telecommunications technology. 

Banking and Finance 

The banking and financial community is of special interest to any 
study of urban telecommunications because it has its principal 
headquarters in metropolitan centers and has a demonstrated need for 
high volume telecommunications and rapid information transfer. ThuSj at 
present, independent point-of-sale systems are being developed to carry 
out: 1) marketings distribution, and inventory control functions; and 
2) electronic funds tranfers. Because both services use similar types 
of terminals, a combination may prove economical for these two 
independently developing systems. Rather than discuss electronic funds 
transfer, a subject already being effectively addressed by oLhers, 9^ 
this report will not go into detail other than to note that it is an 
area of interest and concern to urban area planners. 

In addition to electronic funds transfer, a number of specialized 
information services such as Dow Jones International News Wire, and 
Commodity News Service have been developed for the banking and finance 
community. These services require interactive communication facilities 
to link together the geographically diverse financial centers. 

An emerging application in the financial sector requiring a 
sophisticated telecommunication system is in the electronic securities 
market. The Securities and Exchange Commission (SEC) has recognized 
the need for, "an efficient and comprehensive communications linkage 
between market centers consisting of a real-time composite transaction 
reporting system and a composite quotation system displaying the bids 
and offers of all qualified market makers in listed securities." W/ A 
number of key requirements for this system have been adopted, but 
others are still under consideration. 

While existing technology appears to be capable of satisfying 
the requirements for a central market system, a comprehensive plan for 
a telecommunications system has not been agreed upon as of early 1977 
Whether such a plan comes from industry or government, its development 
needs to be a high priority consideration in any national market system 
(It should be noted that the SEC is conducting a study of a National 
Market System with the National Market Advisory Board.) Uf 

Transportation Aids 

A key application of telecommunications in transportation is 
electronic reservations systems. Typical system users are airlines, 
hotels, and car rental agencies » 
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Major airlinei operaCe automated reservation systems in order 
to maintain maximum load f ac tors on aircra f t . Some systems al so 
provide flight information and enter passenger reservations information 
for interline bookings j and may also accept reservations for tours, 
auto rentals, and hotels* 

One difference between the reservations systems used by airlines 
and other travel and hotel reservation systems is the public's 
satis fac t ion wi th verbal confirmations in the former case and the 
preference for hard copy in the latter casej which tends to increase 
costs. The hotel and tour industry also experiences lower volumes , 
longer connect times and variations in individual system operating 
procedures^ all of i^ich contribute to relatively high costs per 
transaction. The effectiveness of travel and hotel reservations systems 
could be improved if information on vacancies, cancellations and other 
relevant transactions were more readily available from a central source 

REFERENCE SERVICES 

Many of the service areas in metropolitan life =^ commerce j 
health care, education, libraries , courtSj and police protection 
have a need for information data bases. Although there are many types 
of data bases s they can be categorized as item search, content search , 
and multi^use systems. 

Item search systems characceristically involve routine access to 
data bases where the information required is identifiable by the 
user* Typical applications in this category are stock quotations, 
reservations, and inventory systenis. 

Content search systems involve information retrieval where one 
searches without specifics as to the exact identification and format 
of the information. Into this category fall a number of commercially 
developed systems, such as the New York Times Information Service, and 
patent and legal search systems. In addition, a number of content 
search systems have been government^f unded * The Smithsonian has a 
scientific data base; the Navy has an environmental data bank for all 
of its operations. Since such systems are expensive to create and 
operate unless they have a large number of subscribers, relatively 
few have been developed. 

Multi-'use systems involve access to and retrieval of information 
from data banks ^ as well as the capability to process data. Some 
multi'-'use systems are extensions of an item search system in which data 
once retrieved is then processed for some other application, As 
examples, the price of a security is used in determining the value of a 
stock portfoliOj and facts on climate trends from the Smithsonian data 
bank are used to forecast crop production, say, in the Kansas wheat 
belt* A more compleK example is typified by computer-aided instruction, 
systems described in Section 3 of this chapter. 

Information systems are typically characterized by widely 
dispersed users. Therefore , centralized data bases are economically 
advantageous when the existing public telephone network provides the 
basic communications link between the user and reference sources. Ihe 
combination of telGproceas ing networks with cable television (CATV) 
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is not expected to be wideLy used in Che next five ypars, largely 
because CATV has not penetraCed the business and governmentaL 
communities to any large extent. 

Data base services are expected to grow at about an average 
annual rate of 15 percent for the next five years, as compared to other 
computer services growth of 25-30 percent. Furthermore, growth is 
expected to occur almost entirely in item search systems and their 
extension to multi-use systems as a result of their substitutability , 
at reduced costs, for existing methods of inform.ytion handling. Only a 
few commercial applications , such as those just cited , have been 
developed because of the complexity and high cost of the systems. 
Many new data base applications will become economically attractive as 
intelligent input-output terminals improve and storage costs decrease. 
Such techniques as packet switching are expected to reduce 
long-distance transmission costs and create new oppDrtuni ties . Local 
loop costs may be one technical factor limiting the development of 
these new applications. However, many have low duty cycles and now 
adequately use the switched telephone network. 

ENTERTAINME^^T 

For more than a decade, there were those who predicted chat direct 
satellite broadcast and CATV would revolutionize the entertainment 
industry. Substancial changes have occurred only recently. 
Communications satellite technology (with its comparative advantage of 
ona"to--many broadband transmission), stabliEing costs for home 
television terminals, decreasing costs for microprocessors, growing 
CATV networks, and small electronic cameras and video tape recorders 
for electronic newa--gathar ing hold new promise for home entertainment. 

Henceforth, consumers can expect advances in electronics to 
prov ide : 

• increased variety in television . programs, and 
9 add-on equipment to the basic television terminal. 



Increased variety in programming is resulting from a number of 
factors. The Public Broadcasting Service (PBS) is planning a national 
video system using satellite transmission facilities. The planned 
system will allow local PBS programmers to choose from any one of three 
programs available at any time — a 200 percant increase in choice. 
Pay television provided through CATV networks is becoming an 
influencial factor in the variety of home programming. It is 
predictable that more programming variety will lead to CATV's greater 
penetration in homes and vice versa. Finally, the interconnection 
of CATV networks may provide further impetus for growth. One study 
forecasts the growth of CATV subscribers from 18 percent of the 
households with television receivers in 1976 to 26 percent by 1980. 12/ 

The presence of a television terminal in most homes has fostered 
many concepts for additional use. Indeed, many proposals calling 
for the yet-^to-be-invented universal home telecommunications terminal 
have centered on the television terminal. Several European 
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telecommunications authoricies, incLuding those in the U, K. » Germany, 
and Sweden, are planning computer-based information systems utilizing 
the telephone network and the home television receiver. Among the 
successful add-on equipment to U. home television sets is electronic 
video games* The basic technology of these electronic games involves 
integrated circuits and microprocessors. With an txpected market of 
more than $1 billion by 1980* many companies are marketing these 
products. Following the pocket calculator and digital watch markets, 
based on similar technologies, home video games are likely to become 
a dynamic and competitive industry. Systems have been developed for 
Che recording of programs for playing on home sets, and for providing 
subtitles to bring news and information to the deaf* 

The Potential for Integration 

Paralleling its review of telecommunications applications, the 
committee considered the potential for integrating seemingly disparate 
services. The attached matrix (Table V) displays a number of technical 
and system characteristics for some of the applications listed in this 
section. This matrix is an eKample of the type of review that could be 
undertaken for all applications , using the format developed in 
:er II. 

in the process of developing this matrixi the letter '-V* was used 
to indicate that telecommunications facilities readily available were 
capable of satisfying the requirement. A page of footnotes follows the 
matrix, 

A review of the completed matrix led the committee to conclude 
that the switched voice networkj as it currently exists j can satisfy 
most of the technological requirements of the business aids and 
reference sources applications. The development and increased use of 
techniques such as packet switching will also create further 
opportunities for integration of these applicationss but differing 
network requirements (mainly broadband) for entertainment and cultural 
applications indicate a lower potential for integration with the 
other areas. 
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FOOTNOTES TO TABLE V 



1* Full Period was defined by the Panel as the need for a dedicated line. 

2. Busy Hour Calling Rate is given per terminal * 

3. Holding Time Per Call is given in total seconds, 

4. Response Time Needed is given in total seconds, 

5* Line Printer was not included in the Technology Panel's list under 
Terminal Type. The Panel defined this category as a high speed 
pr inter . 

6* 'Rie Panel defined Sponsor as the owner and operator of the service 
offered* 

7. ApproKimatel y 5% of these services would require full period service, 
95% would not, 

III all ya^e^j V indicates that the service currently provided by 
the switched telephone network is acceptable, 

9, U indicates that this is required by the user for satisfactory 
service * 

10, Item Search Systems is a broad category vtiich incorporates a variety 
of specific services. The Committee determined that one service j 
law enforcement J required mobility, tesi item search systems do not 
require mobility* 

11, 90^ of these services require no privacy, 10% do, 

12, Adequate service could be met by the voice network. Optional service 
would require 95%. 

13* 90% of these services require no privacy* 10% do, 

14, 90% of these services require no privacy, 10% do, e*g. electronic 
funds transfer, 

15* NA (Not Applicable). 

16. The Central Business Support Center is applicable to the small 
business. It incorporates word processingj WATS, telephone answering 
and dictation, The purpose is to free small businesses from the 
administrative service provision. 

17. The terminal for Industrial Park Interconnect will require specialised 
terminals in addition to those listed. 

18. Radio receiver would be required. 




SECTION 2: GOVERNMENT ADMINISTRATION AND THE NATURAL ENVIRONMENT 



During tha next five-year period, communicaLions technology will offer 
many opportunities in the administration of local governments and the 
monitoring of environmental conditions. Such opportunities are based 
upon better use of eKisting technology. As city government operations 
and environmental agencies adopt integrated management information 
systems, they will require still more sophisticated telecommunications 
systems. But these suphistieated systGnis ate not likely to be as 
effective as they could be unlesi local management objectives, 
procedures, and disciplines are established and clearly defined. 

The 8Kperiences of New York City, Los Angeles County, Baltimore, 
Maryland, and Fairfax County, Virginia, have been eKamined in this 
study. In addition, the committee relied on data gathered from its 
review of five cities Charlotte, North Carolina; Dayton, Ohio; 
Long Beach, California; Wichita Falls, Texas; and Reading, Pennsylvania 
taking part in a federally sponsofed program to develop information 
systems for local governments. 13^/ 

GOVERNMENT ADMINISTRATION 

GovenaTient administrative communications include those services, 
systems, and facilities used in conducting day-to-^day non-emergency 
government business . Typically, these administrative government 
communications applications include municipal information systems, 
utilities management, tax assessment, and billing. 

Local governments currently use a wide variety of 
telecommunications systems and services, including the ^ teLephone 
network, radio paging, intercommunications systems, administrative 
radio systems, data communications net^^orks , and cable television. 
Most uses arc handled via the telepho:?-' network. 

The communications needs of a sprawling urban county government 
present a definite challenge to an adtn in is tra tor whose job is to 
provide an efficient communications network at minimum cost. For 
example, a large number of government switchboard facilities may be 
located throughout a metropolitan area. Each switchboard provides 
"information service-* and is responsible for determining to which one 
of the^ many departments the call should be connected. ^Ihis problem 
becomes more complex when information is required from various levels 
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of govtrnnient (cityj county, state, and federal). Furthermore, the 
exact nature of the need and the source of information about it may be 
difficult to define precisely. 

Table VI illustrates the large number of communications paths that 
are needed to handle the flow of information and services, Many 
options are available for designing systems to fit the various 
government entities in different parts of the nation. For examples 
Los ^geles County has developed a detailed communications plan that 
includes the comniunications requirements within the county and calls 
for the development of a communications organisation and communications 
systems alternative model. 1^1 

Local governnients require an increasing number of data 
cofflmunications circuits to tie together management information systems 
with the various users, CRT terminals to access information stored in 
computer data bases have been the fastest growing use of communications 
by local governments* Los Angeles County, to cite it againj has 
installed more than 800 CRT terminals during the last tw years to 
access major data bases. The need for a common switched cost-effective 
data network becomes more evident as the number of uses for computer 
data communications continues to increase. As integrated management 
systems are built in the future, data networks and communications lines 
will continue gromng. Attempts to build large centraiiaed urban 
management systems have thus far been largely unsuccessful, ^/ 

As local governments try to improve their management efficiency^ 
two issues need to be addressed- 

(1) How to get more from diminishing resources ^ or at least 
maintain the status quOj and 

(2) How to aggregate or regionalize common government 
services to gain maximum effectiveness and reduce 
duplication of effort^ 

The number of local government administrative uses for 
teleeommunicat ions is large and difficult to classify, One important 
reason is that telecommunicacions systems must reflect the management 
systems they support. In addition, the existence of wide variations in 
management processes by local governments makes it difficult to specify 
telecommunications opportunities . 

The USAC study found that local governments generally had 
eKperienced great difficulty in implementing modern computer and data 
management techniques because of the inadequacy of local government 
administration systems. 13^/ This conclusion also applies to the 
implementation of telecommunications systems. As local governments 
adopt improved management systems, they can further improve efficiency 
through more sophisticated telecommunications systems. 

In government administration, it may be impractical to take full 
advantage of the telecommunications opportunities in advance of 
in-depth studies into the management processes that go on in civic 
administration. This is not to suggest that achievement of better 
results through telecommunications is not possible. It is. Indeed, a 
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significant amount could be done nov^, but emphasis should first be 
given to the management process , 

ENVIRONIffiNTAL MONITORING 

In an environmental agency, communications is raquired with field 
pirsonnal, polluting sources, news media, the public, and operational 
monitoring systems. One communications requirement is to respond to a 
citizen's urgent complaint of odors, smokes or property damage. Based 
on the information received about the alleged pollution, a radio 
message is broadcast to a mobile field unit nearest the complainant. 

The next step is to coinmunicate nth the polluting source. Ihus, 
in the atmospheric monitoring system used by the Southern California 
Air Pollution Control District , a special coded transmission is 
activated by selected tones from the radio console when the air is 
contaminated to certain specified levels. Current information on air 
pollution forecasts, health advisories, episode notifications and 
terminations, and pollution levels are relayed to the public through 
the media and by direct and taped telephone messages. 

Operational uses of communications for environmental monitoring 
include air, water, water utilities, solid waste and noise abatement 
(see Table VII, pages 42-43). For eKample, a number of air monitoring 
sensors continuously measure and record meteorological parameters and 
concentrations of air contaminants in the atmosphere. When a sensor 
detects a high contaminant level, an automatic alarm signal is 
transmitted via a communications network to the headquarters where a 
person can be dispatched to record and verify the reading. A more 
sophisticated system could transmit the sensor readings directly to 
a computer system for automatic monitoring and logging. 

The list of environmental monitoring uses of telecommunicatione 
is growing. Priorities have not been established because environmental 
monitoring technology is undergoing rapid change. Improvements 
in sensor technology may be required for some monitoring applications. 
Improved regional cooperation between local governments would allow for 
the design of more optimal communications systems. Communications 
technology is generally considered to be adequate to meet near-^term 
environmental requirements . 

Thus, in government administration and environmental monitoring, 
several important trends have been observed. First, the public 
resistance to the high cost of government has continued to increase, 
and there is a definite need for improved efficiency in civic 
administration. Second, responsibility is increasingly shared among the 
levels of government as revenue sharing and new methods of financing 
have come into play. There is now, more than ever, a need for closer 
regional cooperation among governments for common approaches to 
government administration , environmental protection, transportation , 
and communications . 

A third trend has been the rapid increase in the use of computer 
systems. While the majority of the installed government applications 
are financial accounting systems--i*e, utility billing and tax 
assessmen t-*^several cities and counties have attempted to develop 
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an integrated management inEorwaLion system, althouRh only a few havfi 
operational systems that provide government leaders and daeisinn makers 
with the Lnformat ion they renlly neud each day to da thair jobs. These 
trends taken toRether tend to slickest that pressure is mounting tor 
improved teLecommunications service in support ot government 

administrations. , , 

nierefore, it is recommended that cona iriar« ti.on be Riven to thu 
development of regionalized information systems to BervQ the mutual 
needs of overlapping Rovernments. Federal aRciicies need to encourage 
through sponsorship and grant programs the dQaign and use ot 
information ayatemB that would integrate loCfll, state, and Eederat 
communications needs. If proper emphasis is given to the management 
procefls, the solutions to common communications problems could follow. 
Without such Gncouragcment, city venuiients are likely to be the last 
to enjoy the fruits of Che telecommunications revolutron v^en, as a 
matter of social concern, they should be ainoni the first, 

A somewhat similar approach has been recommended in the report ot 
tH<- USA.c ntudy of the standardiEa tion of basic government functions 
and the sharing of computer applications in civic administration. U/ 
l-he sharini of communications ideas, concepts, and proven products, 
among the various levels of government could be very beneficial. 



SECTION 3: HEALTH, EDUCAXrON AND WELFARE 



Because the areas of health, educationj and welfare each encompass a 
broad range of activitiea, the committee limited its scope: in health 
the camTfli ttae re^i^^^H potential telecomniunications applications in the 
daHvery of health care; in education the cpmmittee eKaminad a number 
of promising applications taken from a broad overview; and in v/elfare 
the committee relied on a limited case study of the Baltimore welfare 
situation . 

HEALTH CARE 

In 1975 the entira health care enterprise in the tJ.S, cost more 
than $118 billions or approxinia tely 8 percent of the gross national 
product, 15/ Total health care costs have risen at more than 
10 percent annually in recent years. 16/ 

It is a truism that to be successful a service function must be 
a good match -at its human interfaces* Telecommunications services for 
medical purposes must thus match a medical community with its inherent 
conservatism, its high degree of decentralisation , and its reliance on 
the personal decisions of doctorSj as it treats a highly variable 
entity — the human being* 

Access to Medical Care 

One barrier to appropriate access to health care is the patient's 
reluctance to sec^k medical attention. There is evidence that even 
cardiac patients undergoing their second myocardial infraction may 
delay seeking help for unreasonably long periods* This has suggested 
to some that there are psychological pressures on the patient to deny 
an apparent illness and to hopej thereby , to avoid its consequences* 
One study 17/ found that of those patients vMo survived a cardiac 
attackj only 46 percent had called a physician within two hours of the 
onset of an attack. If this behavior is cypical j then the patient's 
failure to call a physician may account for a large fraction of cardiac 
deaths. The point is that the ratio of patients who seek and need 
access to medical care to patients who fail to seek care, although they 
need it ^ may be far too low. 
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One alternative npprnach is Ln identify iuMh-riyk madical paLieinLs 
and call tham for a periodic ch^ickiip nv Lo provide Lhem with alarms 
that automatically announca lhal cnre is rc*qu i rod . i)\\e clasR of such 
patients are those knom to be* at risk from elticLric^il death due to 
cardiac arrhythmias. Current research suggests, but has not yet proven, 
that high rates of a particular arrhyLhmia Icnown as premature 
ventricular conLractions may be precursorB of olectrical death if they 
occur fit excesHively high rates. Equipment is n^w under development 
(by Dr. Roger Mark at M.T.T., under an NIH grant) using belt-carried 
microprocessors with .lUrm signals to alert the patient to the 
occurince of such arrhythmifls. Researchers contend that the alarm will 
alert such patients to seek care or alternatively, in the home, that 
the monitDring device could be automatically inieirogated by polling 
device.^ of tho kind propoBed for checking fire and burglar alarms. 
Such detectors are only one of a class of ins trumt^n ts that might be 
developed. 

Anntht^f important constituent oL appropriate access to care is 
patient reassurance. It is conjectured that a significant prcportion 
of all encounters with the nation* s health care system serve primarily 
to reassure the patient. 18/ mat role could telecommunications serve 
for such patients? In an institutionalised medical care system^ one 
can envision a system (and one already sKists at the Harvard Community 
Health Plan in Boston) 19^/ in ^ich the concerned patient calls the 
provider institution. The telephone call is answered by a trained 
provider who ha.^ computerized access to the compLete medical record of 
the patient. Reassurance or specific medical advice can be given more 
safely with access to the patient's medical record. This telephone 
service would be provided around the clock to offer reassurance or to 
give advice on what actions to take. Fur therrnore , with such an 
institutional ized system it is possible to followup such calls to 
ensure that whatever condition that led to the inquiry had subsided or 
beert treated. 

Once the patient has moved to the site of health care deliveryj 
the next most appropriate access might be to a non--physician or 
paramedic who would make a therapeutic decision Mien appropriate, or 
make the decision that the patient required more sophisticated medical 
treatment. 

No measarements have yet been made of the reductions in clinical 
referraU that could result from such telecommunications consultations 
with a physician or paramedic. The most definitive experiment dealt 
with the contribution that television might make to such an encounter. 
Dr. Moore and his collaborators 2^/ have shown in a controlled trial 
that televisiDn consultation between a nurse and physician on 
ambulatory cases takes 25 percent longer than a telephone consul tat ion , 
but reduces by half the number of referrals to a physician. 

While it is improbable that telecommunications will be able to 
help much in extending the physician's role in initial diagnosis^ it 
may be able to help considerably in later followijp monitoring and in 
watching for change. Once the patient's medical cQmplaint has been 
diagnosed and the need for followup monitoring. and treatment has been 
ascertained, the need for tGlecommunications bandwidth is sharply 
reduced^ the communicationa periods are much shortened, and the patient 
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is much mote willing to "submit" tn remoLa monitoring, pcirLicularly if 
it is convenient. Such simple monitoring as taking a temperatiir e , 
coupled with accuraCe but inexpensive memory and comparison, would go 
far to alert the individual ^ in private, i^ien it might be worthwhile 
to visit a physician^ and could provide the doctor with a relevant and 
timely ease history. Whether the monitoring is done at home, at a 
local clinic J or by a dispensing machine would depend upon the relative 
cost'-benef it ratios of the ins trument s ^ trans po rta tion ^ communications ^ 
data storage and retrieval ^ etc. Technology is bringing down the costs 
for each item differently. But, as transportation costs rise with the 
increase in energy costs, and data communications and mernory/analysis 
costs decrease with each reduction in solid state electronics more 
widespread monitoring could become a reality. 

In-Hospital ^Care 

Profeasor K. White's survey U^/ shows that of 1,000 adults sampled 
in a given month, about 10 will be hospitalized, Althnugh this means 
only 1 percent of the population is in the hospital at any one time^ it 
also means sbout half of the health care dollars are spent in this way. 
Within the hospital much couild be done about inonitoring 
telecommunications . 

With the growing use of computers as monitoring devices, it is 
possible for every bed to be wired with a standardised connection for a 
variety of instrumental needs, just as oxygen and vacuum lines are now 
installed in hospital rooms. Thus , cardiac monitoring of a larger 
proportion of hospital beds might be done more cheaply by a centralized 
system. Furthermore ^ because virtually every hospital room is now 
equipped with coaxial cable for television receptionj the multiple use 
of the cable would make possible television surveillance of the patient j 
instrument monitoring by equipment such as the electro-cardiographs 
intervention control (e.g., the raising and lowering of patient's beds 
from the nurses' stations), access to the patients' med ical record from 
the bedside, physician entry of medical orders, and dietician inquiries 
about meals. This is one instance in which coaKLal cable j already in 
place, may make additional communications services economic. 

Physiological Instrumentation Data 

The transmission and processing of data from instruments measuring 
nonphysiological phenomena are now very well developed technologies, 
advancing rapidly into "smart" instruments and distributed information 
processing. Some of the basic ideaH of these technologies might be 
applied to physiological telecommunications. Distributed data bases 
could ease the problems of keeping instrument records where they can be 
used most effectively^ helping to reduce human error, maintaining 
record privacy and avoiding misinterpretation or abuse. Such 
instruments could help the physician or nurse treat the patient through 
better dispUySj alarTns, reminders, simple crosschecks, and even 
standard medical suggestions. ELectricnl data, such as that from an 
elec tro^cardiograph, can be sent to o'' ' cytinns for further 
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analysis--a procedure that has bet^n dcnions Lrn L «d La be boLh meclically 
and financially effective. In doing thin, error, response Lime, d^l 
costs per tesL have been rtKluced and the reliabiULy of the diagnosis 
imorovad. Not the least of thft advanLages is LhaL, with the number 
of'cardiographic tests increasing fast'^r than tha avai labia number of 
cardioiraphers, the new technnlogy helps avoid saturation and 
additional costs. 

At present, however, th^ ttansmissinn and processing of real time 
physiologicaL data are available mainly in major rnedical facilities. 
Lass expansive instruments and Qptical fiber cDmmun ica t i ons naght lead 
to more affordable bedside systems, especially in new hospitals and 
clinics, within three to five years. 

The mnt most significant access problem in Llit. fnllo^/iip of the 
arnbulatory patient after thp visit. In some il Inesses there are 
concrete measures of outcome that can be objeCLiveLy verified. In 
certain infections, for eKample, a satisfactory outcome can be verified 
by the inability to ftrow out the offending organism after treatment, 
KeepinR track of p:uch outcomes rsquir^^^ ^ Fnllnwun system, incluriinp: 
recalling and retesting the patient. Ttiis results in additional costs 
for the health care syctem^ Unfor tunately for a number of illnesses 
the symptomatic problems may disappear, so that the disease is hidden 
or undetected until it re^emerg^s in a more virulent and damaging form 
(i.e., hypertension, syphilis). In a country in Oiich some 94 percent 
of the inhabitants have reaciy access to telephones, followup^ is 
at least possible in such cases i£ there were institutional or provider 
incentives. 

Discharge from the hospital Co hottie is a different form of access. 
Hospitali^.ation is now so experisive that a real incentive exists to 
send patients home as soon a§ possible. 'fliere is a concern about 
medical efHcacy when patients are placed at some potential medical 
risk by e^rly discharRe from th^ hospital unless an assured technique 
can be provided to monitor the condition of patients. Post- 
hospital i^a t ion monitoring at home is an area in Oiich 
telecommunications might indeecj be useful. Reference was made earlier 
to the premature ventricular contractions monitor for patients with 
cardiac risk, along with pulse rate monitoring. Similar monitors might 
be used for other conditions. pQst-surgical patients might have their 
temperatures monitored regularly (on-call), without diaclosing to the 
patient any anKiety-producing readings, through remcUe access to the 
temperature sensor. Simple-minded respiration monitors can be 
envisioned. With little ingen\iity one can even envision monitoring 
certain blood chemistries through either finger-^s ticks for blood 
samples or other schemes for e??tracting Hlood sera painlessly- ^ 

Such techniques are aimetl at the care of medical conditions that 
are fairly common and vhose treatmenc is relativnly standard, There 
are a number of conditions for which research is still intensive 
(e.g., cancer chemotherapy). For some of these conditions there may, 
under 'the proper circumstances, be value in the sharing of physician 
eKperiences with different processes of care and their current success. 
Tliis would involve the eKChange of data between computers over networks 
akin to the ARPA network. Tiiere are no telecommunications barriers to 
the establishment of such networks— although there are substantial 
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organigt tionai and sociological barriers. Eschanges of this kind 
presuppose mde spread agreemen t upon cia La se ts , inc 1 ud ing the 
definition of termi^ the accuracy of data coLlactedj and the number of 
data pointa. Such agreements on dflta do not now commonly exist in 
medicine . 



Medical Care DeLivery in Other settings 

There are real opportunicies for physician extenders provided with 
minimal technpLogical tools and telecommunications access to a 
physician from nursing homes j jailSj and mental institutions. Programs 
are undfirway vhich defnonatrate the feasibility of monitoring health 
in auch settings* 22/ The incremental value of more sophisticated 
monitoring requires study, particuiariy v^en 3 number of paLieiiL& hl 
risk are gathered Bt a single geographic site. 



EDUCATIQ_N 

Education is another of the nation's largest enterpriseaj 
eniploying over 3 rriillion people and consuming nearly 8 percent of the 
grois national product, Because the education process is primarily a 
state and local rnatterj it is character ized by its deeentraliEation. 
To undfif score the importance of education in metropolitan areas, 
39 percent of the conibined budgets of state and local governments were 
spent on education in 1971--1972, 23/ 

In the past two or three decades major educational 
telecomtnun ica t ions sefvices have been implemented j including 1) public 
broadcasting, 2) instructional televisions 3) computer^assisted 

inacruction, 4) computer resource sharinis and 5) information resource 
sharing * 

Soflie of the more prominent applications of telecommunications to 
education are: 



• BroadcaB tin^^^two programs that exemplify the potential of 
this mediuTn are "Sesame Street" and "The Electric Company". 
These programs reach large audiencas at pre^school and 
elementary education levelBj both in homes and schools, 

• Compu ter— AgS is ted Instruction-^-two m^}Ot CAI systems are 
presently under test and evaluation: the PLATO (Programmed 
Logic for Automatic Teaching Operation) system at the 
University q£ Illinois uses a large centraliaed computer 
with many remote student terminals incorporating a plasma 
display atid keyboard 24/ ^ and the TlCCIT (Time^shared ^ 
Interactive Computer^Control led Information Television) 
system developed by the MITRE Cprporation utilizes 
computer-'gener ated al phanumer ics and graphics as well as 
suppleinentary videotapes and audio presented to a student 
terminal consisting of a color television set and a 
typewri ter^l ike keyboard* 25/ The PLATO system requires 
only telephone link communications and has been expanded 
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beyond the academic boundary, with financing by licensed 
commercial interests takitiR place outside the original 
academic base. '^e TICCIT system requires a broadband 
communications aystem, e.g. cable television. Further 
experimentation and evaluation is required with a broader 
application of CAI in appropriate caises. 

e Videotapes— videotapes of classroom situations, ^len 
played to small groups with an informed tutor have 
resulted in student achievement on quizzes equal to that 
of conventional teaching methods. 26/ Videotapes reciuce 
the cost of lecture preparation and enable a high degree 
of learner participation. 

Table VllI, page 51, identifies and evaluates those 
telecommunications servicefl that support various educational sub- 
sectors in metropolitan areas. Ihe table is based in part upon results 
of previous studies 27/ and has been developed further by the committee. 
The riiht-hand column reflects the committee's analysis of current 

applicflt;ions . . , 

to reviewing such telecommunications applications, the committee 
found chat it is not at all clear that telecommunications is a 
cost-effective and acceptable means for improving the educationa 
process. Among the factors that add complexities to the pure technical 
utility of telecommunications in education are: 
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Financial— school tax bond issues have become more 
difficult to pass, and population shifts within the 
metropolitan areas have meant decreased financial support 
in inner-city areas with diminishing enrollments. 

Cost-benefit tradeoff— not enough is known about 
educational production functions to determine the 
efEectiveness of telecommunications vis-a-vis the current 
method . 

Labor— education is extremely labor-intensive, the largest 
component of the cost of education being salaries 
estimated to range from 70 to 90 percent. Change in the 
process of formal education may occur slowly because of 
tenure agreements, labor organizations, and the need to 
achieve teacher acceptance of new methods. 



The 



picture that emerges from this analysis is that of a large 
decentraLi?ed educational enterprise struggling with day-to day 
problems of funding and decreasing enrollments. For telecommunications 
technology to have widespread impact on urban education, some necessary 
but not sufficient conditions are that: 

» The technoloiy be inexpensive and/or that there be a long- 
term comraitraent of resources, and 
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TABLE VIII Telecommunications Services fur Metropolilan HduuuUun 



Sub-Secuir 



OoLiis 



Early childhaQd yducation Motivation. good citi^t^nship, soniu cu^- 
nitivyand ufrei^tiva Hkills cl^vdupnient 

Elernentary and secondary AuliiuvunK'nt in thL* thrcu R's. Iniprovi; 
quality 



education 
Higher cdu cation 



Vocstionisl/ttfyhnical 
education: ciift?i*r 



Education ibr 
handic^ppi^d 



Adult basic education 

Educution for culturaliy 
divufs^ groups 



Education for thu aged and 
Institutionalized (nursing 
homes, prisons) 

Continuing Pfofcssional 
Education 



Expand accyssUhary rustjurcus 



Make citizuns t^mployablc; luayh jnb 
.skills: uxpsnd CLLrt*yr hijfizons 



To aid in dyvuloping potyntial; open up 
earyyf np( inns; niaky transition to svir^ 
ruliance 



Teach tunctionai lituracy and copiny 
skills; high school yquiVLilency 

Many oi^ the safnc goals as in other caiu- 
yofius but with particular yniphasis on 
meyting uniquu ncydfioi Blauk Amyr- 
ieans; American Indians; Migrants; 
Spanish-speaking Americans 



Supply rytifymcnt nyeds; mainiain 
productivity (aicd)i chronic garc 
(nursing homeH) ryhabilitation, job 
skills (prisons) 

Maintain Com pet yncCj Update and 
Upgrade Skills, CertifiCiitiQn and 
LicynsurL- 



Currynt publiy TV tu tcrinys have had impact, 
Nycd tu assury continuity in public TV oirer- 
inp and dyvylopniunt (Multi-^year funding), 

Sijmy piiblii: I V inipact. Rooni ftir yxpanded 
activity by (Tli/FBS. CAI and CMl.* 

'*Opyn University" use of TV, Computer and 
inforniatiun rysourcys sharing. CAI, electronic 
bluckboard. ITFS,* videotapes. 

Small-scale applicntions (videotapes) most use- 
lul for specific voeatjonal skills. Broader ''career 

edUcUt^Qn CCnc'^pt hsi^ hO*^t1 tnrn^ nrt'dunji- 

tional saicllite demonstrations. Some iisu of 
ynmputerizyd vociitional guidance systurns, 

Speeialij^ed technologies needed for spycific 
iiandicaps. Captioned TV for the hard of- 
hearing now coming into widy-spreau use. 
Other dyvclopments needed- CAI fur learning 
disabilities; optical magnifications for paflially 
sightyd, etc. 

Public TV is promising. Some G ED* programs 
now being carried. 

Many federal programs for educational tech- 
nology devylopment have been suppDrted 
through programs lor ^'disadvantaged." Cable, 
Videotapes, CAI, public TV, satellites are all 
vury impo riant here. Key here h not this tech- 
nology biit in getting participation in planning 
and implymentation by affected groups. 

Gynerully nyglectyd areas. Public TV program- 
ming could help. Also out f each from com- 
niunity eollygcsi 

Considerably Use of ITFS, Videotapys. I'ocus 
of Satellite Demonstration Efforts, User finan- 
cial base faidy strong in some proressioris. 



*CPB-Cof poration for Pohlic Broadca.stjng; PHS -Public Hroadcasiing Sefvicu; CAI Cfiniputer-A.ssisted-Instfuytion^ CMl- 
Cfjmputer ManagedWnstruciion ; ITES-Instfuytional TflcyiNlon Tixyd Syrvigy; OEn-nonyral Education Devyiupment. 



51 



52 



« The cost and effectiveness of celecommunications in 
nprovinB education be more clearly afltnblished, 



In sum the committee found that while technology and 
taUcommunic^tions have been used in education in a of ways 

it is not clear that these are cost-effective or /=«P"^^^ f.! 
concarned groups-parents, teachers, school boards, and students 
— interacting in the education proc2,?flfi. 



WELFARE 



The city of Baltimore served as a case study for welfare probletns 
and opportunities that currently face many U.S. cities. With a 
population of about 900,000, Baltimare has some 100,000 active welfare 
recipiants at any g.ven c.me. Welfare is provided by a -^^^S-cntc. 
system in wti ich several services deal separaCely wi th the same 
population. An integrated data base has not been organized to serve 
the welfare process. Furthermore, without tangible evidence with v^iich 
CO identify successful programs, Baltimore has no long-i ange plan for 
the development of human services comparable to, its plan to tnodernize 

its physical facilities. 

m order to analyze and evaluate the existing welfare progranis for 
effectiveness, Raltimore has now instituted a Human Resources Reporting 
System to cataljg the services, to record the number of persons served, 
and to compile the corresponding costs. Establishment of such a 
citywide coordinated data base distributed by a telecommunxcat ions 
network could improve efficiency of city welfare programs by; 

9 Reducing response time to the needy; 

• Reducing requirements for overhead administrative 
personnel ; 

• Reporting promptly on disbursements; 

• Poissibly permitting some integration with education and 
health services. 

Adequate provision for privacy is an important consideration in 
the design of such a data exchange network. 
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SECTION k\ EMERGENCY AND MOBILE SERVICES 



" section discusses the uses ot telecommunication^ to improve 
emergency services such as fire, poLicej and ambulance; and 
transportation operations, inciuding automatic vehicle monitoring and 
computer--Gontrol led traffic lights. By their nature, these services 
r^ly heavily on mo bile communications for quick access and re^pon.qfi 
time* 

EMERGENCY SERVICES 

Tne operational cDrnmunications systems used in the provision of 
emergency services fall into four functional categories: inputs 
coordination, dispatch, and control. Input involves the victiin (or 
someone acting on behalf of the victim) establishing initial contact 
with some of ficial t^ho is in a position to initiate a response ^ 
and providing that official, either by voice or automatic signal^ 
the location^ scopes and type of emergency. Ihe coordination function 
includes monitoring the status of all units so that infornia tion 
concerning availability^ is kept current. Ihe input massage is 
communicated to a dispatcher who has accees to information or the 
availability of fire-fighting apparatus ^ police cars, or ambulances, 
and can call the appropriate units into action. Finally^ the control 
function includes all contact between the dispatched units and their 
respective base stations to ensure that the emergency is met. 

Ihe implementation of the ern .^gency telephone number "911" and 
such devices as fire alarm pull boxes are well established and continue 
to develop at an orderly pace. However^ the universal use of the "911'* 
number may require federal and state laws together with financial 
assistance. Hie bandwidth requirements for these applications are 
modest, ranging from the low-^Hertz region (for pull boxes) to voice 
frequency. 

A 1971 National Academy of Engineering study entitled, 
"Communications Technology for Urban Improvement" 28/ recommended that 
local governments implement automatic location identification (ALI) in 
conjunction with the ''911" universal emergency telephone number. The 
Law Enforcement Assistance Administration (LEAA) is funding a 
demonstration of selective routing, automated number identification, 
and automated location identification. In this Alameda County, 
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California demonstration system, emergency calls from a problem area 
are automatically routed Co the nearest of 16 public safety answering 
posts throughout the county. 

The coordination function is basically one of status monitoring. 
Traditionally, coordination has been handled by manual input to display 
boards visible to the diapatcher. However, computer-aided dispatch 
systems are being installed in many cities with various degrees of 
sophistication. 29/ In a typical situation, operators take incoming 
calls and ante" requests for service on a cathode-ray tube (CRT) 
terminal. Each call ia automatically asaiined an incident number, 
priority and time of day, and is then transferred to the dispaccher s 
console for assignment to a response vehicle. 

While automatic computer dispatching is technically possible, most 
eraeriency units feel that human judgment is an important element m the 
system Even ho, Che projactn proposed for Dall«« flnd New Orleans 
would bypass human dispatchers and assiin complaints directly to 
specific vehicles. For the immediate future, however, the dispatch 
function is a low data rate system in the voice range with data rates 
..p to AftOO bifs per spcnnri. Circuits to mobile units normally based at 
fixed locations (fire and ambulance) are generally by dedicaced lines, 
while police dispatching is by radio. Once a vehicle is in motion, 
communication is by radio. 

The control function begins yhen the vehicle is on the way. 
During the initial diapacch, the flow of informatioti is generally from 
the dispatcher (or computer) to rhe unit—what happened, where, special 
instructions covering unusual hazards, etc. Once on the scone, the 
flow of information becomes two way as reports are relayed back to the 
dispatcher by the emergency unit. Some emergency medical vehicles are 
equipped with sensors and telemetry facilities for sending vital 
statistics to a medical center. These use low data rate circuits 
(35 to 120 Hz), but, because of the need for high reliability and 
continuous transmission, are usually carried on radio frequencies 
provided by the Emergency Medical Radio Service (EMKS). 

Mo«5t of the functions described above are handled by a combined 
emergency system. Indeed, centraUzed dispatching is being achieved at 
present to a fairly large eKtent. In 1975 the Associated Public Safety 
Communication Officers found that; 

A higher percentage (51 percent) of the centralized 
dispatching centers serve the total public safety emergency 
service including law enEorcement, fire and emergency medical 
service than do dispatch centers serving a single law 
enforcement agency (19 percent). Overall, however, less than 
one-fourth of the dispatching centers are part of a total 
public-safety system. 'there are also a number of computer- 
assisted dispatching systenis in operation and in planning 
stages . 30/ 

This study also noted that 27 computer-aided dispatchinB syriCema wer.- 
in operation with approximately 60 more in the planning stage. Thus, 
the trend is in the direction of increased central iF.aCion and 
automation of dispatch facilities. 
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Automat ic Vehicla Monitoring 

Automatic vehicle monitoring (AVM) sysLenis relata both to 
emergency aervices and Lranspor Lat ion, The coordination function o£ an 
emergency dispatch requires a CDntinually updated status indication of 
all amergency vehicles. This is particularly important in the law-- 
enforcement field where the vehicles in service are continually on the 
move . 

To date, pracLically all locaLinn reporting is limited to voices 
'■Car 54"Where are you?" AVM systems have been developed which are 
capable of locating vehicles without voice connection. This capability 
adds greater flexibility by enabling unattended vehicles to be located. 
There are no firm specifications for an AVM system satisfying the 
requirements o"^ the emergency services , though some are in the 
developmental state . 

AVM aystems used for land Lransportation systems differ in concept 
from those for emergency services. Public transport vehicles generally 
traverse predetermined routes and can use location signalling to or 
trom active signposts"^-that is , mounted equipment along the route 
with dead reckoning between posts. Certain peopLe^mover systems may 
require more sophisticated and costly AVM systems. 

Two vehic le^loration systenis are currently in use in the U*S, The 
St. Louis police use a deader ec koning system in which odometer and 
compass information are combined to signal a currant location. 
Cliicaf^o has a bud location system using the "signpost" technique, 
i4iich updates the position periodically and relies on dead reckoning 
between posts. 

The U.S. Department of Transportation is conducting an AVM 
demonstration project in Philadelphia. The objeetive is to conduct 
a "fly^off'* between four contractors for a vehicle location system. 
The winner will implement a full-scale demonstration in Los Angeles. 
This system will include not only vehicle location^ but automatic 
vehicle monitoring. 

The Federal Communications. Commission has recognized the 
developmental nature of AVM systems and has authorized Che use on an 
interim basis of any one of four FM types of emission or one-pulse 
type systems. ^/ Wide band pulse systems (8 MHz bandwidth) and othfjr 
wide^band systems (I MHz) ara al lowad in the 900 MHz region, while 
narrow^band systems (25 kHz maximum) may operate on base-mobile 
frequencies in the low and high VHF bands and in the low UHF 
(450,512 HH.z) . This will enable the development of AVM systems tailored 
to the special needs of particular services, 

TRANSPORTATION 

The mediuni of telecomrnunications is broadly used in one farin or 
another by various modes of transportation to (a) establish the 
relationships between vehicles of the same or different modes, 
Cb) determine the geographical environment , (c) establish the location 
rel ative to fixed locations such as departure and control points and 
arrival destinations, and (d) convey the variables that define the 
state of the system. 
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A number of telecommanications-cranspDrtation relaced trials are 
planned or under way. Computer controUed traffic Light aystems have 
been tested in a number of urban communities. Many of these are now 
being abandoned, however, because of high costs. Some local 
eovernments have instaUed pole-mounted radios, hardwired voLca 
telephones, or emergency pushbuttons along interstate hiihways tor 
motorists in need of fire, police, ambulance , or repaj.r aasistanee. 
The DOT also has funded the development of a safety and emergency 
system for Che mocorist who is unable to leave his vehicle. Needless 
to say, CB radios, prol i f era ting ubiquitously, appear to be servLng 

this purpose. . ^ • ^e. 

Another DOT project aims to provide highway advice to motorists 

by car radio. The motorist needs to tune the car receiver Co ond or 
the other end of the dial, depending on v*ich direction the car is 

travelii-.is, to receive such advisory in format ion, The FCC is studying 

Che use of 530 ItHz at the low end of Che band and boch 1606 and 
1612 kHz ac the high end for such an advisory system. 

F uture Consid erations 

During the course of this review of emergency and mobile services . 
proiTiising concepts were identified: 



The ability of eifergency vehicles to change traffic lights, 
when approached, to clear the route 

A means of alefting automobile drivers of approachirig 
emergency vehicles (sirens and flashing lights lose 
effectiveness vhen competing with aic conditioning and/or 
stereo hi-fi ' s) 

A means of alerting drivers to railroad grade crossingB in 



• An incegration between cencralized traffic monitoring 
signal-light conCrol systems, AVM, and emergency vehicle 
dispatching to select the most expedient outes for such 
veh ic les 

9 The inte^racion of emer|ency service communications with 
other vehicles such as taxis, buses, and delivery vehicles 
by nieans of cellular and trunked mobile systems 

Such concepts rriuire further development, testing, and evaluation 
to determine their potential benefit to metropolican areas. 
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SECTION 5: CITIZEN SAFETY 



Today, ont out of every sixLeen people living in meLropolitan areas is 
the victim of some criminal act every year. The total number of crimes 
committed against people rose from 1,194 per 100,000 persons in L962 to 
2,830 per 100,000 persons in 1972--an increase of 240 percent, Not 
only has the crime rate risen every year for the past decade or twoj 
but it has been increasing at a significantly faster rate in cities 
than in rural areas. A total of 3,413 crimes were commilLed per 
100,000 people in Standard MetropoUtan Statistical Areas (SMSAs) in 
1972 against: only 1,084 per lOOpOOO people in rural areas, Worse yet, 
the number of violent crimes totaled 492 per 100,000 in cities as 
against 144 per 100,000 in rural areas^-near ly 3 1/2 times aB great. 32/ 

The safety of the individual citizen is dependent on the 
ef fectivenass of public systems created to deter snd combat crime, to 
detect and extinguish fires, and to deliver emergency medical service; 
on the effectiveness with which the citizen can gain access to these 
systems, andj for crime prevention particularly, on how efficient these 
systems and the citizen's access to them arj f^eneral ly pe rce ived . 
Telecommunications plays an important role ii^ L^^i^r. 

Applications of te locommun icat ions to achieve more effective 
police, fire, :^nd medical systems have been discussed previously. 
Telecommunications to facilitate an individuals access to einergency 
systems includes the Dial 911 Program n ^= being implemented, but 
available only where telephones are r- .Lly at hand, Citiaens in 
automobiles equipped with CB radios are oi^ n able to call to emergency 
systems through a third party. Telecommunications systems now provide 
most of the access by citLgens to emergency systems and if rapids 
and perhaps automatic, access is to be further extended to Indiv^iduals 
who are isolated and vulnerable, it will probably be by some 
telecommunications method. 

The public perception of the efficiency of police and protoctive 
systems and of citizen- s ability to access them is an important element 
in crime deterrence, 'Ibis perception will be formed largely by another 
telecommunications appl icat ion "broadcasting . 

As a way to improve an individual's sense of personal safety, it 
might also be possible to create a Personal Emergency Service (PES) 
similar to the Dial 911 service to assist citizens in need of help or 
information on transportatinn and housing. When combined vith an 
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automatic vehicle locacion iystem, a PES could pinpoinc the locatiDn 
of the personal emergency and might be activated automatically. 

To the extent that present crime deterrence methods are inadequate^ 
new methods and technologjes need to be examined in an effort to 
provide the individual citizen with increased personal safety while 
maintaining traditional civil liberties. Beyond the applications 
already diicussed, could teleconimunications technology contribute 
toward treating the roots of crime as well as its symptoms? 

Community and neighborhood reUtionships with proper adult 
leadership can be eKtremely important in providing a viable means for 
attracting youth to gainful accivities prior to the point where despair 

turns into crime . 

One approach that involves telecotnmuiiicationB might be the 
developmenc of Community Communications Centers to house a variety of 
cultaral and educational activities, to provide a forum for the debate 
of community issues, and to provide telecommunications facilities for 
the diHsemination of information about recreation, enter ta inrnent , 
transportation, and, indeed, all public services. Such a center, 
equipped with cable access and video equipment, would make it possible 
for adults and children to work together on conimon projects in the 
performini arts, hobbies, crafts, and games, Telecoinniunications 
technology could assist a neighborhood to eKpress itself and to create 
a L^ense of community within itself and with other neighborhoods. 
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CHAPTER IV 

Opportunities for Further Study 



During the course of its work the committee perceived che twed for 
additionai study in two broad areas: 

1* Projection of talecomniun iGations teclitiology to becomin available 
in the IgSO'^iggO time frame. This effort would includer 

a. ExaminatioTi of the need for and solutirti^is to 
combining wideband and narrowband switching and 
network teGhniques capable of handling digital as 
well as analog transinissions . 

b. Examination of the need for and the potential impact 
of a low-cost switched digital network to serve a 
large number of users not adaptable to private 
networks. 

2* Assessmsnt of the potential impact of future telecommunications 
developments on urban problems and operations, 

In undertaking the first task, the comniittee recognises that the 
development of a long-range forecast is difficult and involves 
subjective assessments of current technological trends. However, 
developments in telecDmniunicationB continue at an extraordinary rate 
and in directions that can be assessed. Knowledge of trends for future 
technologies will aid present planners in addressing their problems and 
enable the incorporation of these new developments in a timely Tnanner * 

The second area for further study follows naturally froni the first. 
Assessment of teehnological impact will require assumptions about the 
cities, their structure and role 10 to 15 years hence. Once again, 
assessment of the potential impact of the trends for future 
technologies will better prepare urban planners to meet their problems. 

In addition to these broad areas ^ a nuniber of specific problems 
related to this study would benefit from additional study! 

• Exaniination of the wide spectrum of applications possible 
for electronic funds transfer and identification of the 
factors that may impede their development. This is an 
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issue of siich size, complexity, and impact that separate 
studies may be required to examine all aspects. 

Determination of future possibilities of capitalizing on 
Celecommunications Lechnology to conserve energy. 

Determination and investi,^ation of possible 

telecommunications systems to deter and prevent crime, 

EKafflination of the possible applications of improved 
tnoblle communication systems to increase the efficiency 
of such emergency services as policej fire? and ambulance. 

Definition of the types of interactive CATV services 
likely to develop in the 1980-1990 period and the needs 
for privacy and security safeguards in such a system. 

Evaluation of pilot eKperiments conducted in the public 
sector in a manner similar to the study conducted by the 
Committee on Telecommunications Urban Inforrnation Systems 
Interagency Committee (USAC) Support Panel of the 
Committee on Telecommunications. 

Implementation of pilot projects to determine the 
COB t^ef fee tiveness of telecommunications potentials in an 
urban environment. 

Review of certain governmental operatiortal systems in a 
typical metropolican area—an area in Which federal, 
state J county J ciLVj and borough jurisdictions 
increasingly intermesh, with emphasis given to the 
potential of eignificant cost savings through the use 
of telecommunications 3 coupled with system resource 
integration. Such a study should parallel the interests 
of federal agencies and departments in their 
re 1 at ionsh ipB to metropolitan areas. 



ADDENDUM 

Ten Basic Issues 



Introduc tion 

The following ten issues were enunciated by the federal sponsors and 
agreed to by Che conimittee for special attention in this study, The 
issues have been grouped by relationships to the extent possible, 
The List of iasues is not meant to imply any ranking of priority, 

iliHLi 

Wiat mw aarrmiiniaaHon dBmanda that aannot be satis fied by thB 
existing sewiae aai^egori&a am &£tp&Qted to de^veZap in m&tr'cpoUtQ.n 
areas ? 

Discuss i^n 

To respond to this issue reciuires an understanding of the process 
by which demands are analysed and translated into ptoducts or services. 
The telecommunications industry has devoted major efforts toward 
anticipating new comtnunications demands. This is only one of the steps 
involved in the complex process of developing new services and 
facilities to meet new demands. The eKpression of a desire for a 
certain capability does not ensure that it will be satisfied. Among 
the tactors that must be considered in approving or d i y;?pproving the 
R&D for a new product or service are the following- technological 
faasibility, alternative systems concepts to meet antiyipated demands , 
market forer.^stg for a range of prices, economic feasibilicyj and the 
perception by the user that a service is required. Even then such 
factors as lack of adequate funding or organizational discontinuity 
(such as found in local governments w^\ere the emphasis is on short-term 
rather than long-term considerations) may deter development. For 
its analysis the comniittee categoriged new communications demands into 
1) general communicacions demands; 2) new services that are not now 
availablej but are anticipated by 1980; and 3) new services that are 
identified, but are not expected co be significant offerings by 1980. 
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In the first category the committee found that, in general, 
preient communications capabiUties adequately sat is fy most demands 
that are expected to develop in (netropolitan areas, with three 
possible ejcceptions. First, tliete may be demands for privacy and 
security in teleconimunications that are not available for the existing 
iervice categories. Such demands are brought about by the need for 
individual privacy and the protection of resources handled by the 
various metro services (such as financial). Second, increased 
requiraments for video transmissions to de central ized points may 
require the development of brofadband capabilities in the local loop 
(from central office to individual subscribers) at reasonable prices. 
Third, certain demands may develop wtiete- the cost-effectiveness of 
utilising telecommunications technoloiy is not clear. One e?cample is 
the need for low-cost termintl dev/ices capable of monitoring , 
processings and transmitting the status of patients to centralized 
points J either from the home or within the hospital. 

In the second category the foUowing services are now being 
introduced, or are anticipated by 1980: cost-ef fecL ive alarm systems; 
economical polled transaction services; new switched voice services 
(#,g. message storage, improved audio conferencing); new common user 
data services (e.g. store and forward and packet switched systems ^ich 
offer a variety of bit and error rates); video conferencing services^ 
and widespread/ economical mobile cor.niarcial services, Hiis listing 
represents the type of S':^rvices that will be implemented in the near 
future. Acompletej detaiJed review is impracti?:aL because companies 
announce new products ^ ne'-' features, and new servicp^ alniost every day* 

In the third category services that can be met with eKisting 
telecommunications technology ^ but are not eKpeeted to develop into 
significant offerings between now and 1980 factors other than the 
e^cpression of mere desire are invDWed^ To the f?xtent that the 
Cdminittee has been able to weigh such factors, the following demands 
are not eKpected to be met by the ejcistlng service categories: the 
provision of braille computer terminals for library services; 
Che ability of emergency vehicles to change traffic Lights as they are 
approached; integration between centralized traffic monitoring and 
signal light control systems; advanced automatic vehicle monitoring and 
emergency vehicle iispatching in order to select the most expeditious 
routing of such vehicles; advanced methods of applying 
telecommunications to deter crime; centralized welfare data bases that 
are effectively maintained and readily accessible; and the development 
of special terminals for nonHiospital monitoring of patients. Once 
againj other factors may change the perception and need of these 
services by business and government and, therefore ^ alter the course 
of their development. 
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jSSUE^2 

What fedeml op looal gov&mnmnt patiai&s, faailitieQ^ mtd 
ppofffams would stimlate t^leGorrmmi^mtiom suppopt to the 
diBadvaniagedj siakj or undereduQated populations? 

Discuss i op 

Benefits to tht? disadvantaged, sick, and undereducaLed can be 
increased by a variety of appUcations of te lecommun ications ^ if one 
considers only technological possibilities and not: the related costs, 
Howavers gince health, i^^ducaLion, and welfare costs comprise one^fQurth 
of the GNP and severe pressures exibt to restrain spending^ the 
question is interpreted to be, "What programs would stimulate 
teltcommunicat ion support on a cnst^ef fective basis?". 

Telecommunications provides a principal mediun for public 
information about: appropriate health care measures to prevent sickness. 
Radio and TV can provido general information; tt^lephone services can 
provide tesponBes to individual questions. In the hospital j 
telecommunications can facilitate efficient service through both voice 
and data comtnunications, For telecommunications in the hospital , 
conceptual options need to be identified and explored ^ and costs and 
standards need to be developed. Studies need to be initialed under 
federal programs to identify these options and develop appropriate 
costs and performance standards. 

The compleH, decentral lEed , and diverse nature of education and 
the number of people and groups involved are factors complicating the 
data review process in education, Emphaais needs to be given to the 
development of mote complete data, particulgrly related to the 
cost-effective performance of the many componentB involved in education* 
This will allow the determination and evaluation of specific incentives 
to increase c05t--^f feet ive performance. One application directly 
related to telecDmmunica tions in the educational field is computer^ 
assisted instruction (CAl), Two major pilot C4l systems j PLATO and 
TICClTj are already established and are currently being evaluated. 
Evaluation is needed of the r formance and effectiveness of these 
systems compared wLth other commercial CAI systpm^^ and with traditional 
teacher-^assis ted instruct ion 

The welfare management system in metropoHtan areas involves one 
population J but services are sometimes provided independently of one 
another. TTiis fragmentation, which is typical of the welfare system^ 
would be improved significantly by a data inanageinent system that 
utiliges an integrt^ted (possibl y distr ibuted ) data base. it is 
recognized that the establishment of such a data base requires the 
resolution of the potentially conflicting gogls of individual privacy 
and of maximum system effectiveness. 

A sufficient and secure base of research support for 
telecommunieat ions needs to be sustained, even thpu?^h emphasis on cost^ 
minimization is clearly neceKsary» Innovations in telecommunications 
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need to be stimuLated in the areas of educaLion. health, and wel 
Measurernentfl nf the effectiveness of appUcaLions are needed. Obje 
data need to be zathered on which to base decisions on broader 
Such developments require sufEicient support for research. 



I SSUE ^ 

How aan aormuniaationB Bevvtase be. developed andf Of he trade 
aaaeptable that wi'll reault in the savings of Bignifiaant energy and/op 
time by peplaaing faae-to-faae meetinga or the pkyaiaal imnsfer of 
information media? 



Discussion | 

Interest in substituting telecommunications for travel has become 
a more immediate concern because of the nacional policy to reduce 
energy consumption. The subject has already received a ROod deal of 
study. However, further study, cests, and demonstration are required 
to better understand which situations cause group interaction via 
telecominunicfltions to approach the usefulnesa of face-to-face meetings, 
•me limited experience to date offers evidence that audio 
celeconferencinR is leas costly and approaches the effectiveness of 
fac.;-CQ'£aca meetinRS when the participants are well acquainted and are 
dealing with a subject well known to them, 

the National Aeronautics and Space Administration (NASA) 
evaluation in 1975 of an in-house audio-facsimile teleconferencing 
network, usins 34 terminals throughout the country, showed proniising 
results, NASA documented aavings of about 10 percent in its travel 
costs for the one-year experiment and estimated that this saving can be 
increased to 15-20 percent. 33/ 

Teleconferencing systems vary in sophistication and cost, raniLng 
from a simple telephone call to elaborate facilities utilizing such 
aids as video, facsimile, and computer-controlled graphics. Video 
teleconferencing has been perceived as the superior means, but recent 
studies have indicated the contrary. Indeed, audio teleconferenc inR , 
under cartain conditions, offers considerable advantages other than 
cost. Assuming that individuals are acquainted with one another and 
that fflce-to-Eace meetings take place, audio conferencinR is a 
satisfactory way to conduct many meetings, 34/ 

Other media, such as computer teleconferencing and computer mail 
systems, need consideration and more systematic investigation. One 
example is the experimental compuLer-med iated teleconferencing project , 
called Project PLANET (Planning Network), operated by the Institute for 
the Future, Menlo Park, California, which is funded by the National 
Science Foundation. For all such approaches, improvement of the 
cost/performance tradeoff is Che key to greater utilization of 
teleconferericing, and as a result, energy savings. 
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Lower cost telecommunications services, such as high resolution 
high'-speed facsimile , may tilt the cosc^benefit equation further toward 
the teleconferencing approach. Bandwidth compression techniques for TV 
would also enhance it as a more useful medium, Other means of using 
telecommunications technology in order to conserve energy need 
examination. Theae include (1) remote environmental readings and 
(2) remote control of appliances and space heating/cooling aystents in 
residencial buildings and business offices to lessen peak loads on the 
electrical generation systems. 



ISSUE 4 

What serviaQSj other thayz sh^itQhed vaioBj aoutd if; aQaorrmadat0d by 
th0 Qormon aarriers^ aan&idBping the full aapability of telephone 
faailitims to provide servimQ in partnership with other faoilitie&? 

Digcussion 

From the point of view of technologyj most services, with the 
major exception of television, could use the basic facilities of the 
present telephone network or. reasonable extensions of it. Howverj 
because of regulatory constraints and economic considerations j other 
carriers or private facilities may be more attractive. Joint or shared 
responsibility for service by two or more systems requires some 
compatibility. In general^ the necessary interoperability between 
systems is possible, and when available s permits the selection of the 
most cost-effective solution to a particular problem, 

The telephone network i.^ already used^ with varying degrees of 
utilityj for a wide variety of other purposes such as low and medium 
speed data transmission and hard-copy record service. The same 
transmission facilities, without switchingi are used for private line 
service of all kinds. Example.^ include voice privaie line, high speed 
data, broadcast tie lines, and control and alarm circuits. When 
equipped with specialized switching equipmenti these transmission 
facilities can be used for a wide range of services , some of which 
require bandwidths that exceed the capabilities of most telephone 
switches . 
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ISSUE 5 

Might the aable TV plant carry sepviaBs now ocxprisd bij ths 
t07^Bphon& ptmtj suah as: 

Private Line Serytcea 

Cormwiiaation of data aver a lirTrit&d - 

n&t0ork (naprow and biwt^and) 
Faasimils? 

Might a Qoaperative approaoh using both telephonQ md aable TV plants 
be de&ir^le for these sei'viaes or far oth&r's? 

Piscusslon 

The answer to the first question is a conditional yes. Ihe 
services now carried by telephone plants snd those carried by cable are 
ones vhosa functional requirements fit naturally to the operating 
characteristics of the respective systems. These services fall, more 
or lesss into place without any forced fit. 

Technically, it is possible to adapt many of the existing services 
to the other media by eHtraordinary measure^. However, it is doubtful 
that it would be feasible for most oE the services now being carried 
because of a number of social and economic factors that influence these 
operations* 

New services not yet implemented will also fall naturally into 
one category or the other , depending upon the requirements. These 
requirements are developing only now, and it is not yet clear Oiether 
broadbaad cable, telephone plant, or other facilities such as mobile 
communications will provide the optimal service. 

There are many distinctions between telephone and broadband cable 
systams* The basic distinction is that the telephone plant is a 
point-to-point switched common user service and the broadband cable 
plant is a non-switched distribution system. (Upstream is a collection 
process, but distribution is used here in a broad generic sense.) 

It is true that, In telephone practices, there are private line 
and leased dedicated services; and in cable, there are such techniques 
as addressable taps. But, even in these overlapping areas, there are 
sufficient distinctions. These stem from the differences in the 
requirements for a point-to-^point common user^ multi-function network 
and a one^to-^many , specific function network, Accordingly^ services 
not now being actively impiemented may be realistically allotted. As 
the demands appear, these distinctions will become more visible. 

Turning to the second question of Issue 5, interaction between 
cable systems and other telecommunications media is already occurring. 
Hybrid systems for implemenLing interactive functions in which the 
broadband cable is used for downstream distribution, as well as the 
TV set for readout and the Touch^Tone telephone for the interactive 
keyboard, are perforniing satisfactorilyi While the economies of such 
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a iysteni are not yet provenj this looks encouraging. The approach is 
attractive vhen the upstream demand is relatix^ely low. It capitalizes 
to the fullest extent on eKisting equipment. 

When the upstream demand is greater ^ another variation of this 
is applicable. Here a Leased telephone pair connect the output of the 
last amplifier in a cable system to a central proc sing plant. This 
approach provides direct connection of each leased pair to 
approHima te ly 30 subscriber taps. For still greater upstream demands , 
it would be more feasible to install the upstreaiii capacity within the 
cabla iysteTn. 

These cooperative approaches may make the ^ntlial step into 
interactive functions economically more attractive c;. the provision 
of this interactive capability by CATV facilities alone. 

In relation to urban^rural commun ica Lion s 5 it is interesting to 
note the widespread use of microwave links to interconnect cable 
systems^ Microwave is also used as a component of a single cable 
system for super or express trunk runs ^ere the use of cable is 
difficult or expensive. Fur thertnore 3 eKtensive use of comrTiunications 
satellites is planned in the immediate future to provide nationwide 
distribution of such specialised prograniming as first*-run movieH and 
sports events for distribution by cable systems. In June 1976 this 
service was being provided through a system of 45 receive-only 
satellite earth stations owned by the cable companies. 



ISSUE 6 



Are teahniaat safeguards to {ndividiial pi'ivaay in an 

mnvironment of widaspi'ead intenative aable TVj and is it feaeible to 
offer a range of privaay/sBotwity at a range of priaes? 



Disc uss ion 

It is difficult to answer this question because the services being 
develDped for two-way cable TV have not yet coalesced into a readily 
definable offering and the phrase "interactive cable TV" is too broad 
and unspecific. 

Beyond this^ once such services are considered for inclusion j 
there needs to be additional determination as to the levels of pri/acy 
and security that would be required. For services provided by CATV, as 
with any transmission niedias the public perceptiDn of the adequacy of 
privacy protection will be based on a complex combination of le^al , 
regulatory^ policyj technical ^ educational » and psychological factors. 
Generally speaking , developments in integrated electronics and 
microprocessors offer a reasonable degree of confidence that adequate 
technical solutions can be found---'though an absolutely secure system is 
unlikely. Relating privacy and security needs and potential technical 
responses to those interactive services considered most likely to be 
marketable is a mul ti^dimensioned task that could be significant in the 
future of metropplitan te lecotnmun icat ions . The committee suggests that^ 
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first, efforts should go toward the cl arif icaLion and classification 
of interactive services and their potential privacy aud/or security 
demands* The privflcy and security features must then be incorporated 
as an integral part of the overall system design* 



ISSUE 7 

Atq 2^&ompt%on mui transmission in metrapotitan apcms fi^om imd to 
satellites t&ahniaally irrpartant to: 

a Cormion Ccwriev Serviom 

a SpeaialiEed Carrier SeYndces 

0 Cable Television 

a Mobile Radio 

a Braadmsting 



Kscussion 



In general 3 terrestrial telecommunications facilities offer 
substantial capability at attractive prices for the relatively short 
pQint-to-point distance within a metropolitan area. For 
talecommunications between metropolitan areas, however, satellites can 
be competitive with terrestial systerns. ^bre spec i f ica I. L y , for most 
applications within the metropolitan area requiring telecommunicaL ions 
support, the usual cummon carrier services, typified by the public 
switched network and including the services offered by the specialized 
carriers, should be the media of choice. 

The potential for utilizing cable television facilities within the 
metropolitan area to satisfy a large class of applications has yet to 
be fully exploited. Satellites could ha a technicaUy important means 
to support cable TV in a metropolitan area by functioning as a wideband 
trunking mediuni between areas. Use of satrllites as a trunking medium 
furthers the origination of programs from different geographical points, 
By contrast, satellite technology for cable distribution between points 
within a metropolitan area would not appear to be important in the near 
future. 

For communications between points within a metropolitan area, 
satellites are not a promising medium for mobile radio either. To the 
extent that mobile radio may provide the "end-link" for communications 
originating in distant areas, the consideration whether the long-haul 
portion should be via satellite will depend upon factors essentially 
unrelated to the mobile radio field. 

Satellites for broadcasting within metropolitan areas do not 
appear to be important. However, for broadcasting applications on a 
regional or national basis, satellite technology could be usGful. 
extent to v^ich transmission via satellites i'^ utlliEed between 
metropolitan areas will be determined by economic and operational 
considerations. In addition, satellites offer opportunities for 
extending a range of services to rural and remote areas. 
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ISSUE 3 

dmmanda develop far data aommufiiaaHans aarviaes thai will 
T^tfuire di^ffermt tmhniaal appPaaahes to faaiUti&s than wm now hav0, 
and a aoi'veapondingly different regulatory approaah/ 

Discus sign 

There will be new and differerit damands for data comniunications 
services, and there will be a wide variety of new technical approaches 
and facilities to meeL these requirements. 

Turning to the part of the question as to whether a 
correspondingly different regulatory approach is needed , there are a 
number of basic national regulatory pulicies in eKistence: 

• the need to assure the availability of required 
cominunica tions capabilities on an efficient and reasonable 
basis I 

m major reliance upon regulated common carriers to provide 
the needed facilities at a fair pricej recognising a fair 
rate of return to the carrier j and upon a basis that is 
not unreasonably digcriininatory; 

o for aome public telecommunications services, the public 
interest can be best fulfilled by emphasis upon a 
reguiated *'mouopoly, - ^ som^ orher foreseen public 
telecoinmunica t^'cns srrv; f:he public interest might 

gain froni the entry cf l ;^^pe v = tive j non-regulated public 
services ; 

• the tiTiiely availability of some needed data communications 
equi^pment J with competitive stinuili for innovation ^nd low 
cost, can be fulfilled by perniitting the user to provide 
his own; 

• there are some activities u^ich, though clearly related to 
and dependent upon data transmission, are not common 
carrier activities subject to regulation as such. I^e 
data processing field is an example. 

Allowing for such regulatory considerations, it is reasonable to 
forecast that anticipated developments in the demand for data 
communications services ^ and the technical approaches developed to meet 
these demands, may not require diffarent regulatory approaches. The 
problems are likely to arise from efforts to determine the proper 
application of such regulatory considerations Co specific developments 
and factual circumstances. 
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In terms of other regulatory aspects, Aether basic policies will 
ha^^c^ to change may depend, for example, upon particular applic. ions- 
for example/ security networks, priority networks far public safety, 
and low data rates originating from homes. 



ISSUE 9 

Might the pattern of regulated taUaormurrLaations and unmgulated 
data proa&ssing be i^eaonmABd well cmough to aQaarmodate mwds of 
the mers for md'-ta-end mrvim and aatisfaatory aggregatioyt of Mils 
and faai lities? 



D iscus sign 

Present FCC cpmputer policy attempts to permit both unregulated 
data processing and regulated telecommunications to eiciet and work 
together in a complementary fashion. However, there may be issues that 
need further rulings, such as the regulation of terminals. Because the 
FCC is re-opening its computer policy inquiry, the committee holds that 
its further study of this issue should be delayed or reconsidered at a 
more appropriate time. 



ISSUE 10 

Am tJmm areas in whiah potiaieG for dommtia m^tropoHtan 
teUaormmniaatiom Ml have Bimifi^^^ tmpaat on m d&velopfmnt of 
foreign mc^k&ts and the U. S. ability to aompet^ in those mrkets? 



Discus sion 



It has not been possible to eKamine the many factors and 
implications of these questions during the course of this study, let 
alone provide a corisensus of findings, conclusions, and recommendations. 
Seven committee members were members of an earlier study that addressed 
this concern, at a time when the U. S. had an overall negative balance 
of trade, and found that technology was only one limiting causal 
factor. 35/ Since that time, the U. S. balance of trade has fluctuated, 
due almost entirely to factors other than technology, though technology 
is still a prime force in the eKport market. 

In the interim^ an industry advisory committee has reported on 
this issue. 36/ A Task Force of the Office of Teleconimunications has 
also circulated for comment a draft report that, in part, addresses the 
question. 37/ Thus, the Committee on Telecommunications, presented 
with a topTc on which a consensus has been found difficult to achieve 
in other studies, finds that the factors exogenous to the 
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telecommunications industry are controlling. Nevertheless, there are 
three basic areas in which the committee cnn contribute to this issue* 

• To the extent that cost-e f fc-: ^.ve approaches are 
identified as so lut ions to urban needs ^ thi 
entrepreneurial initiatives wf the free enterprise system 
will bring them to domestic and foreign markets without 
further government intervention , Government pol ic ies can 
assist in this identification by creating test beds for 
evaluating the technology in terms of whether it has 
Bufficient utility (as seen by its ultimate users) to 
justify its price. When we get through tha cycle of 
identifying appropriate test beds, it is pie^supposed 
chat those that are dQSt--ef fective will stimulate new 
competitive product offerings by U, S. manufacturers. 

• The government is also capable of stimulating innovation 
in areas v^tiere it is in the market for telecommunications 
equipment, such as for the military or space programs^ 

• One important contribution to the U, S, balance 
of payments in the future is likely to come from the iale 
of info rmat ion services to foreign markets , To enhanc e 
Che growth of this markets it is recommended that the 
development and approval be strongly encouraged for 
international telecommunications that are affective and 
eost^eompe t i t ive for a wide range of data processing 
services * 
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